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(3) Elektromechanische Spannvorrichtung 

® Es Wird eine elektromechanische Spannvorrichtung 
mit hydraulischer Unterstutzung beschrieben. Ein von ei- 
nem Elektromotor angetriebenes Schubgetriebe ver- 
schiebt zwei Spannbacken entlang einer Fuhrungsein- 
richtung gegeneinander. Die eine Spannbacke ist in zwei 
gegeneinander verschiebbare Teilbacken geteilt. Zwi- 
schen den Teilbacken ist eine Kammer fur die Aufnah me 
von Druckmittel gebildet. Die erste Teilbacke ist entlang 
der Fuhrungseinrichtung verschiebbar und gegenuber 
dieser verriegelbar. Eine Teilbacke ist mit einem erste n 
Zylinder versehen, der mit dem Abtrieb des Schubgetrie- 
bes gekoppelt ist. Zum Schliefcen der Spannvorrichtung 
zieht das Schubgetriebe iri einem erste n Schritt die Teil- 
backen gegen die andere Spannbacke, in einem zweiten 
Schritt f 6 rdert das Schubgetriebe bei gegenuber der Fuh- 
rungseinrichtung verriegelter erste r Teilbacke Druckmittel 
aus dem ersten Zylinder in die Kammer zwischen den bei- 

^ den Teilbacken. Zum Offnen der Spannvorrichtung zieht 

^£ ein zweiter, zwischen den beiden Teilbacken angeordne- 
ter Zylinder' in einem ersten Schritt bei gegenuber der 

O Fuhrungseinrichtung verriegelter erste r Teilbacke die Teil- 

© backen gegeneinander, danach druckt das Schubgetriebe 

CO in einem zweiten Schritt bei von der Fuhrungseinrichtung 

<0 entriegelter erster Teilbacke die mit ihm gekoppelte Teil- 

^ backe unterMitnah me der anderen Teilbacke in Offnungs- 

^ richtung. Die Spannvorrichtung ist fur Fertigungsmasch i- 

q nen, insbesondere fur SpritzgieSmaschinen, vorgesehen. 
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Beschreibung 

[0001] Die Erfindung befaBt sich mit einer elektromecha- 
nischen Spannvorrichtung mit hydraulischer Unterstutzung 
fur eine Fertigungsmaschine, insbesondere fur eine Spritz- 
gieBmaschine. 

[0002] Dabei geht die Erfindung von einer elektromecha- 
nischen Spannvorrichtung mit hydraulischer Unterstutzung 
aus. DerartigejSpannvorrichtungen werden fur Fertigungs- 
maschineii, z.B. SpritzgieBmaschinen, verwendet. Die 
Spannvorrichtung weist zwei Spannbacken auf, an denen je- 
weils eine Teilform einer geteilten Form gehalten ist. Ein 
von einem Elektromotor angetriebenes Schubgetriebe ver- 
schiebt die Spannbacken entlang einer Fuhrungseinrichtung 
gegeneinander. Die erste Spannbacke ist in zwei Teilbacken 
geteilt, die in Richtung der Fuhrungseinrichtung gegenein^ 
ander verschiebbar sind. Die Teilbacken greifen derart in- 
einander, daB zwischen ihnen eine Kammer fur die Auf- 
nahme von Druckmittel gebildet ist. iJie erste Teilbacke ist 
entlang der Fuhrungseinrichtung verschiebbar. Der Abtrieb 
des Schubgetriebes greift an einer der Teilbacken an. Zum 
. SchlieBen dei* Spannvorrichtung zieht das Schubgetriebe in 
einem ersten Schritt eine Teilbacke unter Mitnahme der an- 
deren Teilbacke gegen die zweite Spannbacke, in einem 
zweiten Schritt rordert das Schubgetriebe bei gegen die Fuh- 
rungseinrichtung verriegelter erster Teilbacke Druckmittel 
in die Kammer zwischen den beiden Teilbacken. Beim 
SchlieBen der Spannvorrichtung wird das Schubgetriebe auf 
Zug beansprucht. Beim Offnen der Spannvorrichtung wird 
das Schubgetriebe dagegen auf Druck beansprucht. Dabei 
ist zum AufreiBen der Teilformen eine wesentlich groBere 
Kraft erforderlich als fur das daran anschlieSende Auseinan- 
derfahren der die Teilformen tragenden Spannbacken. Das 
Schubgetriebe rhuB daher entsprechend der zum AufreiBen 
der Form erforderlichen hohen Kraft dimensioniert werden. 
[0003] Der Erfindung liegt die Aufgabe zugrunde, eine 
Spannvorrichtung ^mit hydraulischer Unterstutzung zu 
schafren, bei der das Schubgetriebe nur entsprechend der fur 
das Auseinanderfahren der Spannbacken erforderlichen 
Kraft dimensionieren zu werden braucht, ohhe daB eine 
ttberlasrung des Schubgetriebes beim AufreiBen der Form 
erfolgt 

[0004] Diese Aufgabe wird erfindungsgemaB durch eine : 
Vorrichtung nach Anspruch 1 gelost. Durch die hydraulische 
Unterstutzung wahrend des AufreiBvorgangs laBt sich die 
Druckkraft, die der Elektromotor auf die Schubstange aus- 
iibt, derart begrenzen, daB wahrend des AufreiBvorgangs 
keine unzulassig groBe Durchbiegung der Schubstange er- 
folgt. 

[0005] Vorteilhafte Weiterbildurigen der Erfindung sind 
jeweils Gegenstand von weiteren Anspruchen. 
[0006] Die Erfindung wird im folgenden mit ihren weite- 
ren Einzelheiten anhand von in den Zeichnungen dargestell- 
ten Ausruhrungsbeispielen naher erlautert. Es zeigen 
[0007] Fig. 1 den Aufbau einer ersten erfindungsgemaBen 
< Spannvorrichtung in vereinfachter Darstellung, 
[0008] Fig. 2 den Aufbau einer zweiten erfindungsgema- 
Ben Spannvorrichtung in vereinfachter Darstellung und 
[0009] Fig. 3 das Blockschaltbild einer Steuerung fur die 
in den Fig. 1 und 2 dargestellten Spannvorrichtungen. 
[0010] Die Fig. 1 zeigt den Aufbau einer erfindungsgema- 
Ben Spannvorrichtung in vereinfachter Darstellung. Die 
Spannvorrichtung weist eine ortsfeste Spannbacke U und 
eine entlang einer Fuhrungseinrichtung 12 verschiebbare 
Spannbacke 13 auf. Die Fuhrungseinrichtung ist aus zwei 
Holmen 12a und 12b gebildet, die mit einer Rastteilung ver- 
sehen sind. Zur Verriegelung der verschiebbaren Spann- 
backe 13 mit der Fuhrungseinrichtung 12 greift eine nur 



schematisch dargestellte Rastvorrichtung 15, die durch ein 
Signal yv3 gesteuert ist, in eine Rastung des Holms 12a ein. 
In entsprechender Weise greift eine weitere gesteuerte Rast- 
vorrichtung, die aus Griinden der Ubersichtlichkeit in der 
5 Fig. 1 nicht dargestellt ist, in eine Rastung des Holms 12b 
ein. Die Spannbacke 13 ist aus zwei ineinander greifenden 
Teilbacken 16 und 17 gebildet, die in . Richtung der Fuh- 
rungseinrichtung 12 gegeneinander verschiebbar sind. Die 
Rastvorrichtung 15 ist an der Teilbacke 16 gehalten. Die 
10 Teilbacken 16 und 17 schlieBen eine Kammer 20 fur die 
Aufnahme von hydraulischem Druckmittel zwischen sich 
ein. Zwischen den Spannbacken 11 und 13 ist eine aus zwei 
Teilformen 21 und 22 bestehende Form 23 gehalten. Die er- 
ste Teilform 21 ist an der Spannbacke 11 gehalten. Die an- 
15 dere Teilform 22 ist an der Teilbacke 17,gehalten. Ein Elek- 
tromotor 25, der an der ortsfesten Spannbacke 11 gehalten 
ist, treibt ein Schubgetriebe 26 an. Dem Elektromotor 25 ist 
von einer in der Fig. 3 dargestellten Maschinensteuerung ein 
Drehzahl-Sollwert rig als EingangsgroBe zugefuhrt Der von 
20 derri Elektromotor 25 aufgenommene Strom i^ ist ein MaB 
fur die auf die Schubstange 27 wirkeride Kraft, Der Strom 
iMi ist der in der Fig. 3 dargestellten Steuereinrichtung als 
Eingangssignal zugefuhrt. Das Schubgetriebe 26 formt die 
Drehbewegung des Elektromotors 25 in eine Langsbewe- 
25 gung der Schubstange 27 um, die den Abtrieb des Schubge- 
triebes 26 bildet. Eine Kuppiung 28 verbindet die Schub- 
stange 27 uber eine Kolbenstange 31 mit dem Kolben 32 ei- 
nes Gleichgangzylinders 33. Entsprechend der Veroffentli- 
chung "Grundlagen und Komponenten der Fluidtechnik — 
30 Der Hydraulik Trainer, Band 1" der Mannesmann Rexroth 
GmbH, RD 00290/10.91 (2. Auflage, 1991), Seiten 124 bis ! 
125, ist hier als Gleichgangzylinder ein doppeltwirkender 
Zylinder mit beidseitigen Kolbenstangen bezeichnet, bei 
dem die Durchmesser der beiden Kolbenstangen auch unter- 
35 schiedlich groB sein konnen. Der Gleichgangzylinder 33 ist 
an der verschiebbaren Teilbacke 17 gehalten. Auf der von 
der Schubstange 27 abgewandten Seite ist der Kolben 32 mit 
einer zweiten Kolbenstange 34 verbunden. Die Kolben- 
stange 34 taucht in eine weitere Kammer 35 ein. Die Kam- 
40 mer 35 ist uber ein erstes Riickschlagventil 36 mit der stan- 
genseitigen Kammer 40 eines Differentialzylinders 41 ver- 
bunden. Zusatzlich ist die Kammer 35 uber ein Nachsaug- 
ventil 42 mit einem T^nk 43 verbunden. Der Differentialzy- 
linder 41 ist an der Teilbacke 16 gehalten. Er ist uber eine 
45 Kolbenstange 45 mit der Teilbacke 17 verbunden. Der Kol- 
ben des DifFerentialzylinders 41 ist mit dem Bezugszeichen 
46 versehen und die bodenseitige Kammer mit dem Bezugs- 
zeichen 47. Ein Wegumformer 50 formt das Ausgangssignal 
. eines Wegaufhehmers 51, der mit dem Kolben 46 verbunden 
50 ist, in ein elektrisches Signal Xi um, das ein MaB fur die Po- 
sition des Kolbens 46 und damit auch ein MaB fur den Ab- 
stand zwischen den Teilbacken 16 und 17 ist. Ein Druckum- 
former 52 formt den Druck in der Kammer 40 in ein diesem 
entsprechendes elektrisches Signal p* um. Eine hydraulische 
55 Steuereinrichtung in Form eines Proportionalventils 53 steu- 
ert in Abhangigkeit von einem Stellsignal y V i den Druck- 
. mittelfluB von einer Pumpe 54 zu dem Differentialzylinder 
41 und von diesem zum Tank 43. Zwischen der Pumpe 43 
und dem Proportionalventil 41 ist ein Riickschlagventil 55 
60 angeordnet. Ein Druckbegrenzungsventii 56 begrenzt in ub- 
licher Weise den Ausgangsdruck der Pumpe 54. Zwischen 
der Pumpe 54 und dem Gleichgangzylinder 33 ist eine hy- 
draulische Steuereinrichtung in Form eines Schaltventils 60 
mit drei Schaltstellungen angeordnet. Das Schaltventil 60 
65 steuert in Abhangigkeit von einem Stellsignal yv2 den . 
DruckmittelfluB von der Pumpe 54 zu dem Gleichgangzy- 
linder 33 und von diesem zu dem Tknk 43. Mit den Bezugs- 
zeichen 62, 63 und 64 sind Dichtungen bezeichnet. 
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[0011] Um die Teilbacke 17 gleichmaBig mit Kraft zu be- 
aufschlagen, ist zusatzlich zu dem Elektromotor 25 ein wei- 
terer Elektromotor 25* vorgesehen, der iiber ein Schubge- 
triebe 26*, eine Schubstange 27* und eine Kupplung 28* 
mit der Kolbenstange 31* eines dem Gleichgangzylinder 33 
entsprechenden weiteren Gleichgangzylinders verbunden 
ist. Mit 45* ist die Kolbenstange eines dem Differentialzy- 
linder 41 entsprechenden weiteren Differentialzylinders be- 
zeichnet. Aufbau und Druckmittelversdrgung des weiteren 
Gleichgangzylinders und des weiteren Differentialzylinders 
entsprechen den bereits oben beschriebenen Zylindern. 
[0012] Die Fig. 3 zeigt das Blockschaltbild einer Steue-. 
rung fiir die obere Halfte der in der Fig, 1 dargestellten 
Spannvorrichtung. Die Steuerung der mit einerri * versehe- 
nen Kornponenten der unteren Halfte der in der Fig. 1 dar- 
gestellten Spannvorrichtung erfolgt in entsprechender 
Weise. In einer iibergeordneten Maschinensteuerung 70 sind 
die fur die Steuerung des Arbeitsablaufs der Fertigungsma- 
schine erforderlichen Parameter und Sollwerte gespeichert. 
Die Maschinensteuerung 70 fiihrt dem Elektromotor 25 deri 
Drehzahl-Sollwert n s zu. Die Maschinensteuerung 70 be- 
stimmt uberdas Stellsignal y V 2 die Stellung des Steuerkol- 
bens des Schaltventils 60 und steuert iiber das Stellsignal 
y V 3 die Rastvorrichtung 15. Die Maschinensteuerung 70 
fiihrt einer elektrischen Steuereinrichtung 71 einen Positi- 
ons-Sollwert x s fur die Position des Kolbens 46,, einen 
Strom-Sollwert iMa fur den Elektromotor 25, einen Schwel- 
lenwert i^ fiir die UmscHaltung von Positionsregelung auf 
Kraftregelung, ein Stellsignal y V io und ein Umschaltsignal 
y u zu. Der Strom-Sollwert i^ bestimmt den Maximal wert 
der Kraft, mit der der Elektromotor 25 die Schubstange 27 
gegen die Teilbacke 17 driickt. Wie oben bereits beschrie- 
ben, sind der Steuereinrichtung 71 von der in der Fig. 1 dar- 
gestellten Spannvorrichtung der Strom-Istwert i^ des Elek- 
tromotors 25, der Positions-Istwert des Kolbens 46 und 
der Druck-Istwert pi in der Kammer 40 als eiektrische Span- 
nungssignale zugefuhrt. Der Strom-Istwert i^ ist hier ein 
MaB fur die Kraft, mit der der Elektromotor 25 die Schub- 
stange 27 gegen die Teilbacke 17 driickt Der Positions-Ist- 
wert Xj des Kolbens 46 ist ein MaB fur den Abstand zwi- 
schen den Teilbacken 16 und 17 der Spannbacke 13. Die 
Steuereinrichtung 71 verarbeitet diese Signale zu dem Stell- 
signal y V i, das die Stellung des Steuerkolbens des Propor- 
tionalventlis 53 bestimmt. Ein Differenzbildner 75 bildet 
aus dem Strom-Sollwert ij^a und dem Strom-Istwert iMi des 
Elektromotors 25 eine Regeldifferenz x^. Ein Differenzier- 
glied 76 bildet aus dem Druck-Istwert pi die zeitliche Abiei- 
tung des Druck-Istwerts. Zur Verbesserung des Regelvor- 
gangs wird dieses Signal in einer Recheneinrichtung 77 mit 
der Regeldifferenz verkniipft und einem Kraftregler 78 
zugefuhrt, der ein Stellsignal y K fur einen Kraftregelkreis 
bildet. Ein Differenzbildner 80 bildet aus dem Positions- 
Sollwert x s und dem Positions-Istwert Xi des Kolbens 46 
eine Regeldifferenz x dx , die einem Positionsregler 81 zuge- 
fuhrt ist. Der Positionsregler 81 bildet ein Stellsignal y x fur 
einen Abstandsregelkreis. Eine Umschalteinrichtung 83 mit 
zwei gesteuerten Urrischaltern 84, 85 fuhrt dem Proportio- 
nalventil 53 entweder das Stellsignal y K , das Stellsignal y x 
oder ein konstantes Stellsignal y V io als Stellsignal y V i zu. 
Ein Vergleicher 88 schaltet den Umschalter 84 in die untere 
Stellung, wenn der Strom-Istwert i Mi des Elektromotors 25 
groBer als der Schwellenwert i Mu ist. Der Schwellenwert i Mu 
ist so gewahlt, daB er zwischen dem groBten beim Verfahren 
der Spannbacke 13 auftretenden Wert und dem Wert i^ 
liegt. Befindet sich gleichzeitig der Umschalter 85 in der 
oberen Stellung, ist das dem Proportionalventil 53 zuge- 
fuhrte Stellsignal gleich dem Stellsignal y K und der Kraftre- 
gelkreis ist wirksam. 1st der Strom-Istwert i Mi des Elektro- 



motors 25 kleiner als der Schwellenwert i Mu , schaltet der 
Vergleicher 88 den Umschalter 84 in die obere Stellung. Be- 
findet sich der Umschalter 85 gleichzeitig in der oberen Stei T 
lung, ist das dem Proportionalventil 53 zugefuhrte Stellsi- 
gnal gleich dem Stellsignal y x und der Abstandsregelkreis 
ist wirksam. Befindet sich der Umschalter 85 aufgrund eines 
von der Maschinensteuerung 70 abgegebenen Stellsignals 
y u , das einem Magneten 89 zugefuhrt ist, in der unteren Stel- 
lung, sind sowohl der Kraftregelkreis als auch der Abstands- 
regelkreis unterbrochen. Das dem Proportionalventil 53 zu- 
gefiihrte Stellsignal ist gleich dem konstanten Stellsignal , 
yvio, das so gewahlt ist, daB sich der Steuerkolben des Pro- 
portionalventils 53 in einer neutralen Stellung, in diesem 
, Fall in der Mittelstellung befindet. In dieser Stellung sind 
die Kammem 40 und 47 des Differentialzylinders 41 ge- 
drosselt miteinander, mit der Pumpe 54 und mit dem Tank 
43 verbunden. 

[0013] Zum SchlieBen der Spannvorrichtung zieht das 
Schubgetriebe 26 in einem ersten Schritt die mit ihm gekop- 
pelte Teilbacke 17 gegen die ortsfeste Spannbacke 11. Die 
Teilbacke 17 nimmt dabei die Teilbacke 16 mit. Da beim 
Verfahren der Teilbacken 16 und 17 der von dem Elektro- 
motor 25 aufgenommene Strom ii^ kleiner als der Schwel- 
lenwert i Mu ist, ist dem Proportionalventil 53 das Stellsignal 
y x zugefuhrt und der Abstandsregelkreis, der den Abstand 
zwischen den Teilbacken 16 und 17 konstant halt, ist wirk- 
sam. Der Kolben 32 des Gleichgangzylinders 33 liegt dabei 
am rechten Anschlag an, er kann aber auch in einer Zwi- 
schenlage eingespannt sein. Hat die Teilbacke 17 die Spann- 
backe U erreicht, verriegelt die Maschinensteuerung 70 die 
Rastvorrichtung 15. Die Maschinensteuerung 70 schaltet 
den Steuerkolben des Schaltventils 60 in die Stellung, in der 
die rechte, mit dem Bezugszeichen 92 versehene Kammer 
des Gleichgangzylinders 33 mit der Kammer 20 verbunden 
ist. Zieht der Elektromotor 25 nun in einem zweiten Schritt 
den Kolben 32 weiter in SchlieBrichtung, wird aus der Kam- 
mer 92 Druckrnittel in die Kammer 20 verdrangt und die 
Teilbacke 17 wird dabei gegen die Spannbacke 11 gepreBt. 
Die Flachenverhaltnisse der druckbeaufschlagten Flachen 
40 sind so gewahlt, daB eine Erhohung der von dem Elektromo- 
tor 25 auf den Kolben 32 ausgeubten Kraft erfolgt. In die- 
sem. Schritt wird die Schubstange 27 auf Zug beansprucht. 
Da die Schubstange 27 bei Zugbeanspruchung mit einer 
' groBeren Kraft beaufschlagt werden kann als bei einer. 
Druckbeaufschlagung zulassig ist, ist eine Begrenzung der 
von dem Elektromotor 25 auf die Schubstange 27 ausgeiib- 
ten Zugkraft nicht erforderlich. 

[0014] Das Offnen der Spannvorrichtung erfolgt ebenfalls 
in zwei Schritten. In dem ersten Schritt bleibt die Rastvor- 
richtung 15 verriegelt Der Steuerkolben des Schaltventils 
60 ist in eine Stellung geschaltet, in der die Kammer 20 zum 
Tank 43 entlastet ist. Die zum Offnen der Form 23 erforder- 
liche Kraft ist groBer als die Kraft, die die Schubstange 27 
bei Druckbeaufschlagung iibertragen kann, ohne sich unzu- 
lassig durchzubiegen. Der von dem Elektromotor 25 aufge- 
nommene Strom i^ steigt auf einen Wert an, der groBer als 
der Schwellenwert i Mu ist. Der Vergleicher 88 schaltet den 
Umschalter 84 daher in die untere Stellung, in der der Kraft-, 
regelkreis wirksam ist. Die Pumpe 54 beaufschlagt die 
Kammer 40 mit Druckrnittel und unterstutzt hierdurch die in 
Offhungsrichtung wirkende Kraft. Der Kraftregler 78 steu- 
ert das Proportionalventil 53 so an, daB der von dem Elek- 
tromotor 25 aufgenommene Strom i^ gleich dem Schwel- 
lenwert i^ i st - Zusatzlich unterstutzt aus der Kammer 35 
verdrangtes Druckrnittel, das der Kammer 40 iiber das 
Ruckschlagventil 36 zugefuhrt ist, das AufreiBen der Form 
23. Ist die Form 23 aufgerissen, entriegelt die Maschinen- 
steuerung 70 fur den zweiten Schritt des Offnungsvorgangs 
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die Rastvorrichtung 15. Der von dem Elektromotor 25 beim 
Verfahren der Spannbacke 13 in Offnungsrichtung aufge- 
nommene Strom i M i ist kleiner als der Schwellenwert im u . 
Somit schaltet der Vergleicher 88 den Umschalter 84 wieder 
in die obere Stellung, d. h. von Kraftregelung auf Abstands- 5 
regelung. Alternativ zu der Abstandsregelung kann dem 
Proportionalventil 53 wahrehd des zweiten Schritts des Off- 
nungsvorgangs das Stellsignal y V io zugefuhrt werden, das 
den Steuerkolben des Proportionalventils 53 in die Mittel- . 
stellung schaltet. 10 
[0015] Die Fig. 2 zeigt den Aufbau einer zweiten erfin- 
dungsgemaBen Spannvorrichtung in schematischer Darstel- 
luhg. Diese Spannvorrichtung entspricht in ihren wesentli- 
chen Teilen der in der Fig. 1 dargestellten Spannvorrich- 
tung; Gleiche Bauteile sind deshalb mit den gleichen Be- 15 
zugszeichen wie in der Fig. 1 versehen. Die in der Fig. 2 
dargestellte Spannvorrichtung weist ebenfalls eine ortsfeste 
Spannbacke 11 und eine aus zwei Teilbacken 16 und 17 ge- 
bildete, entlang einer Fuhrungseinrichtung 12 verschiebbare 
Spannbacke 13 auf. Die Fuhrungseinrichtung 12 ist in glei- 20 
cher Weise wie in der Fig. 1 aufgebaut. Zwischen den Teil- 
backen 16 und 17 ist eine Kamrher 20 fur die Aufhahme vOn 
hydraulischem Druckmittel ausgebildet. Aft den Teilbacken 
16 und 17 sind zwei Teilformen 21 bzw. 22 einer Form 23 
gehalten. An der Teilbacke 17 ist ein Differentialzy Under 95 25 
gehalten. Ein mit einer Kolbenstange 96 verbundener Kol- 
ben 5)7 teilt den Differentialzylinder 95 in eine stangensei- . 
tige Kammer 98 und in eine boderiseitige Kammer 99. An 
der ortsfesten Spannbacke U ist ein Elektromotor 25 gehal- 
ten. Ein Schubgetriebe 26 formt die Drehbewegung des 30 
Elektromotors 25 in eine Langsbewegung der Schubstange 
27 um, die eine Kupplung 28 auf die Kolbenstange 96 des 
Differentialzy linders 95 ubertragL Ein Schaltventil 60, des- • 
sen Stellung durch ein Stellsignal yv2 bestimmt ist, verbin- 
det die Kammer 98 in einer ersten Stellung mit einer Pumpe 35 
54 und in einer zweiten Stellung mit der Kammer 20. In der 
Mittelstellung des Schaltventils 60 ist sowohl die Kammer 
98 als auch die Kammer 20 abgesperrt, Anstelle des Schalt- 
ventils 60 mit drei Schaltstellungen laBt sich ein 2r-Wege- 
Schaltventil verwenden, wenn die Mittelstellung des Schalt- 40 
ventils 60 nicht benfctigt wird. Die Kammer 99 ist unabhan- 
gig von der Stellung des Schaltventils 60 standig mit dem 
Tank 43 verbunden. Wie in der Fig. .1 ist ein Differentialzy- 
linder 41 ail der Teilbacke 16 gehalten, dessen Kolbenstange 
45 mit der Teilbacke 17 verbunden ist. Das Proportionalven- 45 
til 53 steuert den DruckmittelfluB von der Pumpe 54 zu den 
Kammern 40 und 47 des Differentialzylinders 41 entspre- 
chend dem Stellsignal yvi. Die mit einem * Versehenen 
Bauteile sind - wie im Zusammenhang mit der Fig. 1 be- 
schrieben - vorgesehen, um die Teilbacke 17 gleichmaBig 50 
mit Kraft zu beaufschlagen. 

[0016] Die Steuerung der in der Fig. 2 dargestellten 
Spannvorrichtung erfolgt in gleicher Weise wie die Steue- 
rung der in der Fig. 1 dargestellten Spannvorrichtung durch 
die in der Fig. 3 dargestellte elektrische Steuereinrichtung 55 
71 in Verbindung mit der ubergeordneten Maschinensteue- 
rung 70. Die Steuereinrichtung 71 erhalt von der in der Fig. 
2 dargestellten Spannvorrichtung den Positions-Istwert Xi 
des Kolbens 46, den Druck-Istwert pi in der Kammer 40 und 
den Strom-Istwert i M i des Elektromotors 25. Die in der Fig. 60 
2. dargestellte Spannvorrichturig erhalt von der Steuerein- 
richtung 71 das Stellsignal yv; fur das Proportional 53 und 
von der Maschinensteuerung 70 das Stellsignal yv2 fur das 
Schaltventil 60, das Stellsignal y V 3 fur die Rastvorrichtung 
15 sowie den Drehzahl-Sollwert n s fur den Elektromotor 25. 65 
Die Verknupfung der einzelnen Signale erfolgt in der glei- 
chen Weise wie oben im Zusammenhang mit der Steuerung 
der in der Fig. 1 dargestellten Spannvorrichtung beschrie- 
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ben. 

[0017] Die auf die Schubstange 27 wirkende Kraft kann - 
wie oben beschrieben - aus dem Von dem Elektromotor 25 
aufgenommenen Strom i M i ermittelt werden. Es ist aber 
auch moglich, die auf die Schubstange 27 wirkende Kraft 
mit einem im KraftfluB angeordneten Kraftsensor direkt zu 
erfassen oder Ober eine Druckmessung in der stangenseiti- 
gen Kammer des Gleichgangzylinders 33 oder in der Kam- 
mer 20 zu ermitteln. 

Patentanspriiche 

1. Elektromechanische Spannvorrichtung mit hydrau- 
lischer Unterstiitzung fiir eine Fertigungsmaschine, 
insbesondere fiir eine SpritzgieBmaschine, wobei die 
Vorrichtung folgende Merkmale umfaBt: 

- zwei Spannbacken (11, 13), an denen jeweils 
eine Teilform (21, 22) einer geteilten Form (23) 
gehalten ist, 

- eine (11) der Spannbacken ist ortsfest und die 
andere (13) ist gegeniiber dieser Spannbacke ver- 
schiebbar angeordnet, 

- ein von einem Elektromotor (25) angetriebenes 
Schubgetriebe (26) bewegt die verschiebbare 
Spannbacke (13) entlang einer Fuhrungseinrich- 
tung (12), 

- die verschiebbare Spannbacke (13) ist in zwei 
Teilbacken (16, 17) geteilt, die in Richtung der 
Fuhrungseinrichtung (12) gegeneinander ver- 
schiebbar sind, zwischen den Teilbacken (16, 17) 
ist eine Kammer (20) fur die Aufnahme von 
Druckmittel gebildet, 

- die erste Teilbacke (16) ist entlang der Fuh- 
rungseinrichtung (12) verschiebbar und gegen- 
iiber dieser verriegelbar, 

- eine (17). der beiden Teilbacken ist mit einem 
ersten Zylinder (33) versehen, dessen Kolben (32) 
mit dem Abtrieb (27) des Schubgetriebes (26) ge- 
koppeltist, 

- zum SchlieBen der Spannvorrichtung zieht das 
Schubgetriebe (26) in einem ersten Schritt die mit 
ihm gekoppelte Teilbacke (17) unter Mitnahme 
der anderen Teilbacke (16) gegen die ortsfeste 
Spannbacke (11), in einem zweiten Schritt fordert 
das Schubgetriebe (26) bei gegeniiber der Fuh- 
rungseinrichtung (12) verriegelter erster Teil- 
backe (16) Druckmittel aus dem ersten Zylinder 
(33) in die Kammer (20) zwischen den beiden 
Teilbacken (16, 17), 

- zum Offnen der Spannvorrichtung zieht ein 
zweiter, zwischen den beiden Teilbacken (16, 17) 
angeordneter Zylinder (41) in einem ersten Schritt 
bei gegeniiber der Fuhrungseinrichtung (12) ver- 
riegelter erster Teilbacke (16) und druckentlaste-^ 
ter Kammer (20) zwischen den Teilbacken (16, 
17) die zweite Teilbacke (17) gegen die erste Teil- 
backe (16), nach dem Ofrhen der Form (23) 
driickt das Schubgetriebe (26) in einem zweiten 
Schritt bei von der Fuhrungseinrichtung (12) en- 
triegelter erster Teilbacke (16) die mit ihm gekop- 
pelte Teilbacke (17) unter Mitnahme der ersten 
Teilbacke (16) in Offhungsrichturig. 

2. Spannvorrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, dafi die Teilbacken (16, 17) bei geschlos- 
sener Spannvorrichtung von einander beabstandet sind. 

3. Spannvorrichtung nach Anspruch 2, dadurch ge- 
kennzeichnet, daB ein Regelkreis vorgesehen ist, der 
den Abstand zwischen den beiden Teilbacken (16, 17) 
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wahrend des ersten Schritts des SchlieBvorgangs kon- 
stant halt. 

4. Spannvorrichtung nach Anspruch 2 oder Anspruch 

3, dadurch gekennzeichnet, daB die Fiihrungseinrich- 
tung (12) mit einer Rastteilung versehen ist, mit der 
eine an der ersten Teilbacke (16) gehaltene Rastvor- 
richtung (15) zusarnmenwirkt. 

5. Spannvorrichtung nach einem der Arispruche 2 bis 

4, dadurch gekennzeichnet, daB der zweite Zylinder 
(41) in dem ersten Schritt des Offhungsvorgangs derart 
mit Druckmittel beaufschlagt ist, daB sich der Abstand 
zwischen den beiden Teilbacken (16, 17) verringert. 

6. Spannvorrichtung nach Anspruch 5, dadurch ge- 
kennzeichnet, daB. das Schubgetriebe (26) den Off- 
nungsvorgang unterstiitzt, wobei die Dnickrnittelber 
aufschlagung des zweiten Zylinders (41) derart gesteu- 
ert ist, daB die Kraft, die das Schubgetriebe (26) auf die 
zweite Teilbacke (17) ausubt, einen vorgebbaren 
Schwellenwert (i^ nicht uberschreitet. 
7/ Spannvorrichtung nach Anspruch 6, dadurch ge- 
kennzeichnet, daB der von dem Elektromotor (25) auf- - 
genommene Strom (iva). einem Kraftregler (78) als Ist- 
wert fur die von dem Schubgetriebe (26) auf die zweite 
Teilbacke (17) ausgeiibte Kraft zugefiihrt ist und daB 
dem Kraftregler (78) der vorgebbare Schwellenwert 25 
(iMa) als Sollwert fur diese Kraft zugefuhrt ist. 

8. Spannvorrichtung nach Anspruch 7, dadurch ge- 
kennzeichnet, daB der.aus dem Istwert.des von dem 
Elektromotor (25) aufgenommenen Stroms (ij^) und 
dem vorgebbaren Schwellenwert (ij^) gebildeten Re- 
geldifferenz (x<ii) die zeitliche Ableitung des Drucks 
(Pi), mit dem der Kolben (46) des zweiten Zylinders 
(41) beaufschlagt ist, uberlagert ist. 

9. Spannvorrichtung nach einem der vorhergehenden 
Anspriiche, dadurch gekennzeichnet, daB die Position 
(xi) des Kolbens (46) des zweiten Zylinders (41) einem 
Positionsregler (81) als Istwert fur den Abstand zwi- 
schen den beiden Teilbacken (16, 17) zugefuhrt ist und ■ 
daB dem Positionsregler (81) ein den Abstand zwi- 
schen den beiden Teilbacken (16, 17) bestimmehder 40 
Sollwert (x s ) zugefuhrt ist. 

10. Spannvorrichtung nach Anspruch 7 oder 8 in Ver- 
bindung mit Anspruch 9, dadurch gekennzeichnet, daB 
das Stellsignal (yj des Positionsreglers (81) einer hy- 
draulischen Steuereinrichtung (53) zugefuhrt ist, wenn 45 
der von dem Elektromotor (25) aufgenommene Strom 
(iMi) kleiner als ein zweiter Schwellenwert (i^) ist, 
und daB der hydraulischen Steuereinrichtung (53) das 
Stellsignal (yk) des Kraftreglers (78) zugefuhrt . ist, 
wenn der von dem Elektromotor (25) aufgenommene 50 
Strom (i M 0 groBer als der zweite Schwellenwert (i Mu ) 
ist, wobei der zweite Schwellenwert (i Mu ) so gewahlt 
ist, daB er zwischen dem fur das Verfahren einer 
Spannbacke (13) maximal erforderlichen Strom und 
dem ersten Schwellenwert (i^ liegL X 

11. Spannvorrichtung nach Anspruch 10, dadurch ge- 
kennzeichnet, daB eine neutrale Stellung der hydrauli- 
schen Steuereinrichtung (53) vorgesehen ist, in der die 
Kammern (40, 47) des zweiten Zylinders (41) iiber 
Drosseln miteiriandex sowie mit der Pumpe (54) und 
dem Tank (43) verbunden sind. 

12. Spannvorrichtung nach Anspruch 11, dadurch ge- 
kennzeichnet, daB eine Umschalteinrichtung (83) vor- 
gesehen ist, die der zweiten hydraulischen Steuerein- 
richtung (53) das Stellsignal (yj des Positionsreglers 
(81), das Stellsignal (yjj des Kraftreglers (78) oder ein 
konstantes Stellsignal (yvio) fur die neutrale Stellung 
zufuhrt. 
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13. Spannvorrichtung nach einem der vorhergehenden 
Anspriiche, dadurch gekennzeichnet, daB eine Maschi- 
nensteuerung (70) vorgesehen ist, die die einzelnen 
Schritte des Arbeitsablaufs der Fertigungsmaschine 
steuert. 

14. Spannvorrichtung nach Anspruch 13, dadurch ge- 
kennzeichnet, daB die fur die Steuerung des Arbeitsab- 
laufs der Fertigungsmaschine erforderlichen Parameter 
und Sollwerte in der Maschinensteuerung (70) gespei-, 
chert sind. 

15. Spannvorrichtung nach einem der vorhergehenden 
Anspriiche, dadurch gekennzeichnet, daB der erste Zy- 
linder ein Gleichgangzylinder (33) ist, dessen von dem 
Schubgetriebe (26) abgewandte Kolbenstange (34) in 
eine weitere Kammer (35) eintaucht, daB die weitere 
Kammer (35) iiber ein erstes Ruckschlagventil (36) mit 
einer Kammer (40) des zweiten Zylinders (41) verbun- 
den 1st und daB die weitere Kammer (35) des Gleich- 
gangzylinders (33). iiber ein Nachsaugventil (42) mit 
lank (43) verbunden ist. 
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(57) ABSTRACT 

A drive device which is used in particular for the closing 
unit, the injection unit or the ejectors of an injection molding 
machine for plastics and which has a drive element which 
can be moved axially by an electric motor, and a hydraulic 
unit which can be moved in the same direction as the drive 
element by moving the latter. In drive devices for the 
applications, it is important to first of all perform a rapid 
regulating movement and then exert high forces. In a known 
drive device having these features, the hydraulic unit is a 
hydraulic cylinder which is adjusted by the electric motor 
via a stroke spindle during the regulating movement and to 
which pressure medium is fed via a valve for exerting a high 
force. In this known drive device, in addition to the electrical 
installation, a complete hydraulic system is also necessary. 
In addition, high reaction forces act on the stroke spindle. 
This is avoided wherein the hydraulic unit is a power 
transmission means having two pistons, which are movable 
relative to one another and differ from one another in the size 
of their effective areas, and having an intermediate part 
which together with the pistons encloses a pressure space 
filled with a pressure fluid, if the small piston having the 
smaller effective area is mechanically connected to the drive 
element, if the hydraulic unit can be moved as an entity for 
the regulating movement, and if, for exerting a high force by 
the large piston having the larger effective area, the inter- 
mediate part can be locked against displacement relative to 
a fixed frame. 

58 Claims, 33 Drawing Sheets 
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DRIVE DEVICE, IN PARTICULAR FOR THE 
LOCKING UNIT, THE INJECTION UNIT OR 
THE EJECTOR OF AN INJECTION- 
MOULDING MACHINE FOR PLASTICS 

The invention relates to a drive device which is to be 
used in particular for the closing unit or the injection unit or 
the injectors of an injection molding machine for plastics. 

Inside the closing unit of an injection molding machine 
for plastics, the drive device moves the movable platen of 
the machine. Such a drive device has to fulfill two important 
different requirements. Firstly, it is to move the platen as 
quickly as possible for closing and opening the mold, so that 
the cycle time for the production of a molding can be kept 
short. Secondly, it is to be able to lock the platen and thus 
the entire mold against the high injection pressure with high 
force. On the one hand, therefore, regulating movements are 
to be performed at high speed; on the other hand, high forces 
are to be exerted without substantial movement. Such 
requirements, apart from at the closing unit, may also arise 
at the ejectors or the injection unit of an injection molding 
machine for plastics. For example, during the injection of 
plastic into the mold, the plasticizing screw is moved at 
relatively high speed in the direction of the mold until the 
mold is completely filled with plastic. If the plastic melt 
located in the mold is subsequently subjected to a "dwell 
pressure", the drive has to apply a high force without 
substantial movement of the plasticizing screw. 

U.S. Pat. No. 4,030,299 discloses a purely hydraulic 
drive for the movable platen of an injection molding 
machine for plastics, this hydraulic drive also containing a 
hydraulic power transmission means. The latter has a mov- 
able piston of small effective area, a further movable piston 
of large effective area and a cylinder which together with the 
pistons encloses a pressure space filled with a pressure fluid. 
The cylinder is arranged in a fixed position on the frame of 
the injection molding machine. In addition, the drive 
includes hydraulic cylinders which move the movable platen 
for closing and opening the mold. In the opened state of the 
mold, the volume of the pressure space of the hydraulic 
power transmission means is minimal. If the movable platen 
is now moved by the hydraulic cylinders for closing the 
mold, the large piston of the hydraulic power transmission 
means is carried along, in the course of which the volume of 
the pressure space of the hydraulic power transmission 
means is increased and pressure medium flows from a 
reservoir via a contraction valve into the pressure space. The 
small piston of the hydraulic power transmission means is 
subsequently moved into the pressure space and thereby 
produces a high pressure which produces a high closing 
force via the large effective area of the large piston. The 
small piston is moved hydraulically by the feeding of 
pressure fluid. Thus, in the drive device according to U.S. 
Pat. No. 4,030,299, there are various hydraulic drive com- 
ponents for the regulating movement of the movable platen 
and for exerting a high force. During the regulating move- 
ments of the platen, a large amount of pressure fluid flows 
back and forth between the pressure space and the reservoir, 
a factor which makes correspondingly large valves and fluid 
passages necessary. 

A drive device having the above-mentioned features has 
been disclosed by DE 41 11 594 Al. In this drive device, a 
hydraulic cylinder having a large effective area is firmly 
connected to the movable platen. The unit comprising mov- 
able platen and hydraulic cylinder can be moved by an 
electric motor via a drive mechanism, which comprises a 
stroke spindle and a spindle nut, in order to open and close 
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the mold quickly. The high closing force is applied by the 
admission of pressure to the hydraulic cylinder movable 
with the platen. In the process, the entire reaction force is 
dissipated to the machine frame via the spindle and the 
5 spindle nut. The injection molding machine for plastics 
according to DE 41 11 594 Al, apart from being equipped 
with the components of the electric drive, is also equipped 
with a complete hydraulic system including oil reservoir, 
pump, valves and hydraulic cylinder. 

10 

SUMMARY OF THE INVENTION 

The object of the invention is to develop a drive device of 
the above-mentioned type in such a way that a quick 
regulating movement is possible with little outlay on the one 
15 hand and a large force effect can also be achieved on the 
other hand. 

The set object is achieved by the fact that, according to the 
invention, the drive device having the features above - 

20 mentioned also includes a hydraulic power transmission 
means is therefore used in whose pressure space, at least 
during the regulating movement and the subsequent exerting 
of a high force, a certain volume of a pressure fluid is 
trapped, if volumetric changes on account of a pressure 

^ change are disregarded. Other hydraulic components are in 
principle not required for a drive device according to the 
invention. According to the invention, the small piston of the 
hydraulic power transmission means is mechanically con- 
nected to the drive element, which can be moved axially by 

30 the electric motor. Furthermore, according to the invention, 
the hydraulic unit can be moved as an entity for the 
regulating movement of an element to be driven, as a result 
of which the speed of the large piston mechanically coupled 
to the element to be driven is equal to the high speed of the 

35 drive element axially moved by the electric motor. In order 
to be able to exert a high force, the intermediate part of the 
hydraulic power transmission means is locked against a 
displacement relative to a fixed frame, so that, by further 
movement of the small piston by a relatively small amount 

^ of travel, a high pressure can be built up in the pressure 
space of the power transmission means, and this high 
pressure produces a high force at the large effective area of 
the large piston. In this case, only a proportion of the force 
corresponding to the effective area of the small piston is to 

45 be absorbed via the drive element. 

According to another feature of the invention in order to 
be able to move the hydraulic unit as an entity, there is 
preferably a coupling device with which the intermediate 
part and the large piston of the hydraulic unit, during the 

50 regulating movement, are coupled to one another in a fixed 
position. 

According to another feature of the invention in an 
especially advantageous manner, the coupling device com- 
prises a spring which is secured in position between the large 

55 piston and the intermediate part. When the hydraulic power 
transmission means comes into effect, said spring continues 
to be compressed for a short length of travel, so that no 
additional actuator is necessary for releasing the coupling 
between the large piston and the intermediate part of the 

60 power transmission means. In a configuration according to 
another feature of the invention the hydraulic unit, during 
the regulating movement, directly follows the small piston, 
since the spring does not first have to be loaded to a greater 
extent by a pressure build-up in the pressure space in order 

65 to be able to transmit the force required for the regulating 
movement. In a configuration according to another feature 
of the invention a short space-saving type of construction of 



US 6,935,111 B2 

3 4 

the hydraulic unit is possible, since the space required Furthermore the coupling device between the drive ele- 

axially for accommodating the spring can also be used in ment or the small piston, on the one hand, and the interme- 

another way. diate part or the large piston, on the other hand, is an in 

Other features of the invention relate to constructional particular hydraulic slip clutch, that is to say a clutch in 

configurations of the hydraulic power transmission means 5 which a movement can be transmitted via a trapped fluid 

which are likewise advantageous especially with regard to a volume up to a certain limit force. An advantage of such a 

compact type of construction. clutch is its automatic mode of operation. Advantageous 

For good guidance of the large piston, it is advantageous configurations of a hydraulic slip clutch can be found in 

if a large guidance length is available. This is achieved by patent claims 18 to 20. 

the configuration according to another feature of the inven- 10 A coupling device between the small piston and the large 

tion. In this case, the combination of the configurations piston is preferably located in a cavity (clutch space) of the 

according to other features of the invention is especially large piston, into which cavity the small piston extends. The 

advantageous, in which combination the guidance section is effective area of the small piston for the power transmission 

also available for accommodating the spring of the coupling may be located in a blind hole which is located on the other 

device. side of the cavity and from which there then has to be a 

The coupling by a spring constitutes a frictional connec- fluidic connection to a space at a large effective area of the 

tion between the intermediate part and the large piston, it large piston, or, alternatively may be formed in a simple 

being possible for this coupling to be released by applying manner by a step of the small piston and be located in the 

a force which is above a limit force. However, it may also pressure space in front of the cavity of the large piston, 

be favorable in certain cases if, according to another feature 2Q As a further feature, the locking of the intermediate part 

of the invention the intermediate part and the large piston are 0 f the hydraulic power transmission means relative to a fixed 

coupled to one another in a positive-locking manner by the frame, this locking being provided for building up a high 

coupling device, it then being possible for the coupling f orce> jg preferably effected by friction grip, since the 

device to be released by an actuator. intermediate part can then be locked at any desired point 

According to another feature of the invention in order to ^ without special provisions and no setting work is required 
be able to move the hydraulic unit as an entity, a coupling when changing the mold and during an accompanying 
device may also be provided between the drive element change in the closing travel. For producing the friction grip, 
which can be moved by the electric motor or between the pressure is applied hydraulically to one of the two friction- 
small piston and the intermediate part of the hydraulic unit, grip partners. This pressure may be the pressure prevailing 
this coupling device being released when a high force is to 30 in the pressure space between the two pistons, in which case 
be exerted and to this end the small piston is to plunge there then has to be a fluidic connection between the 
further into the pressure space. The coupling device is pressure space and an admission space at the friction-grip 
preferably a clutch, so that, during the locking movement, partner. In this case, the clamping force is therefore applied 
the drive part is not additionally loaded by the force required by the electric motor, so that no further actuator is necessary, 
for overcoming the friction of a friction clutch and high 35 However, the intermediate part must initially be held in a 
accelerations of the hydraulic unit are also possible. In such fixed position until a pressure-required for the clamping has 
a construction, in principle no highly preloaded spring built up in the pressure space. This may be effected by the 
arranged between the large piston and the intermediate part spring secured in place between the large piston and the 
is required for the sequence of movement. A spring pre- intermediate part if it is preloaded to an appropriately high 
loaded to a small extent and arranged in such a way is ^ degree. 

advantageous, since this spring can produce a certain pre- However, the pressure in the pressure space and thus also 

loading pressure at a level of, for example, 5 bar in the a friction grip only build up when the machine component 

pressure space and the latter can thereby be effectively t0 be moved has been moved up to a stop. If, a pressure can 

vented. be built up in the admission space at the one friction-grip 

In an especially preferred manner, however, a coupling 45 partner by feeding external pressure medium, that is to say 

device is provided between the drive element or the small pressure medium from a hydraulic circuit provided for 

piston, on the one hand, and the large piston of the hydraulic producing the friction grip, the intermediate part can be 

unit, on the other hand, with which coupling device the large locked at any point irrespective of the position of the 

piston and the small piston are coupled directly to one machine component. This is especially favorable for the 

another in a fixed position for a regulating movement and 50 production of moldings by "injection-compression 

which is released when a high force is to be exerted and to molding", in which a molding is first of all injection-molded 

this end the small piston is to plunge further into the pressure with the mold halves not completely closed and is then 

space. compressed by closing the mold halves. If provision is made 

The intermediate part is advantageously carried along by for applying pressure to the one friction-grip partner by 

the large piston via a spring during the regulating movement. 55 feeding external pressure medium, this friction-grip partner 

Here, too, the coupling device is preferably a clutch, in is preferably arranged in an axially fixed position on the 

particular an electromagnetic clutch. The latter preferably machine frame, so that, when the individual hydraulic 

acts in the axial direction, that is to say in the direction of components of the hydraulic circuit are fastened to the 

movement of the power transmission means. frame, pressure medium does not have to flow back and 

Also the coupling device between the drive element or the 60 forth, for example, via a flexible hose between the hydraulic 

small piston, on the one hand, and the intermediate part or unit and the hydraulic components. The fastening of the 

the large piston, on the other hand, is preferably a hydraulic hydraulic components to the frame instead of a fastening to 

clutch. In this case, pressure fluid, during the regulating the hydraulic unit has the advantage that the mass to be 

movement, is trapped in a space between the two parts accelerated and braked and thus the energy input are lower, 

coupled to one another. A displacement of pressure fluid 65 In an especially advantageous manner, the friction grip is 

from the space is allowed in order to be able to move the two made possible by the intermediate part of the hydraulic unit 

parts relative to one another. having a tube section which can be elastically extended 
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radially outward by internal pressure for producing a friction 
grip between the intermediate part and a wall of the bore of 
the fixed machine frame. This elastically extensible tube 
section may even be guided with slight play in the bore. As 
a low internal pressure, it can easily be displaced in the bore; 
at a high pressure, it becomes clamped and can transmit 
axial forces. To transmit such an axial force, a relatively 
large wall thickness is necessary, as a result of which a high 
pressure is necessary for deformation on the one hand and 
high stress occurs in the tube section on the other hand. It 
therefore appears to be especially favorable if individual, 
radially movable brake rods are arranged around a thin, 
elastically extensible tube section, these brake rods lying 
axially with slight play between stops of the intermediate 
part. The brake rods may be provided with a brake lining on 
the outer surface. If internal pressure is now applied to the 
tube section, it deforms and presses the brake rods against 
the wall of the bore. Due to a high axial rigidity of the brake 
rods, high axial forces can already be transmitted at a low 
deformation pressure. 

The configuration according to another feature appears to 
be especially advantageous, according to which the inter- 
mediate part has a dimensionally stable inner tube section, 
in which the large piston is guided in a sealed-off manner, 
and an outer tube section which surrounds the inner tube 
section while forming a clearance space, pressure can be 
applied to the clearance space, and the outer tube section can 
he elastically extended radially outward by pressure applied 
in the clearance space. In this case, compared with a 
construction according to which that tube section of the 
intermediate part which guides the large piston is extensible, 
three different things are achieved. Firstly, the clamping 
radius and thus also the clamping force can be predeter- 
mined independently of the diameter of the large piston. 
Secondly, the clamping surface does not depend on the 
relative position of intermediate part and large piston. In 
addition, the sealing of the pressure space between large 
piston and intermediate part is not affected. 

In a construction according to another feature the outer, 
extensible tube section may be very thin without it giving 
way to the inside when its outer side is being machined, a 
factor which would entail inaccuracies in the external size of 
the hydraulic unit. 

At high closing forces of, for example, 1000 kN, the 
production of a friction grip between the intermediate part of 
the hydraulic unit and the frame with interlocking sheet 
metal stacks at the intermediate part and at the frame, which 
sheet metal stacks can be compressed by an external force, 
appears to ensure especially high operability of the drive 
device. 

Also, the locking of the intermediate part is possible by 
wedges. 

The intermediate part can also be locked hydraulically. 
Accordingly, the intermediate part can be locked relative to 
the fixed frame by trapping a pressure fluid volume located 
in a second pressure space. The volume of the pressure space 
changes when the intermediate part is moved. The pressure 
space can be connected to a supply reservoir for the pressure 
fluid and can be shut off from the supply reservoir by a valve 
arrangement. The pressure space is arranged in a simple 
manner in which case a cross section of similar size to the 
cross section of the first pressure space can readily be 
obtained, so that the pressure in the second pressure space is 
in each case approximately as high as the pressure in the first 
pressure space. 

Finally, it is also possible, to lock the intermediate part by 
positive locking with the fixed frame. Such positive locking 
may be advantageously configured. 
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If the intermediate part is locked by the radial engagement 
of locking elements, a plurality of locking elements distrib- 
uted around the periphery are advantageous, which each 
have to be moved radially and for which axial adjustability 

5 is advantageous. Overall, therefore, the mechanical outlay is 
relatively high. Locking of the intermediate part by an axial 
stop which can be moved in accordance with the regulating 
movement of the intermediate part appears to be more 
favorable; In this case, the force chain for axially supporting 
the intermediate part comprises a self -locking screw spindle. 
It is possible for the stop to be capable of being moved by 
the same electric motor with which the drive element can 
also be moved or, alternatively to allow the stop to be moved 
by a second electric motor. The stop can be moved axially 
after and ahead of the intermediate part in its direction of 

15 movement via a force chain in which the self-locking screw 
drive is located. During the regulating movement, there is 
advantageously a slight distance of up to five tenths of a mm 
between the stop and the intermediate part, so that the stop 
is freely movable and the screw drive is scarcely loaded and, 

20 on the other hand, the intermediate part can be immediately 
. supported without substantial travel to the rear. The stop 
may also be formed by a rotationally drivable part of the 
screw drive, this part mashing directly with a section, 
provided with a thread, of the intermediate part. Here, the 

25 screw drive may be provided with appropriate play, so that 
it is still subjected to low loading during the regulating 
movement. 

In order to prevent excessive heating of the pressure fluid, 
cooling passages in which water flows may lead through the 

3Q hydraulic unit and in particular the pressure space. 

The electric motor for moving the drive element may be 
an electric linear motor, so that a screw spindle and a spindle 
nut for converting the rotational movement of the rotor of an 
electric motor into a linear movement are not necessary. 

35 An especially preferred construction provides that the 
small piston of the hydraulic unit is formed as a hollow 
piston, and the screw spindle of a screw drive serving to 
move the small piston, which screw spindle can be rotation- 
ally driven by the electric motor and is arranged in an axially 

40 fixed position, is accommodated by the hollow small piston. 
The small piston comprises a spindle nut which is in 
engagement with the screw spindle over the entire stroke 
and is locked against rotation. In this embodiment, the space 
which is required by the hydraulic unit in the direction of 

45 movement can also be used for the screw spindle, so that a 
drive device of especially short construction can be realized. 

In principle, it is conceivable to keep the small piston 
closed on one side, in which case an end area on an end part 
of the small piston, this end part possibly being stepped in 

50 cross section relative to the rest of the small piston, or also 
an annular area on an outer step of the small piston may be 
the effective area. In this case, the small piston would also 
plunge into the large piston, formed as a hollow piston, in 
order to be able to accommodate as long a piece of the screw 

55 spindle as possible. However, the large piston is preferably 
formed as a hollow piston, and the small piston is preferably 
hollow throughout and is preferably formed as a stepped 
piston with a section of larger outside diameter, with which 
it enters the pressure space in a sealed-off manner, and with 

60 a section of smaller outside diameter, with which it enters 
the hollow large piston. The differential area between the 
two sections is the smaller effective area. The small piston 
may now be relatively short. Provided the screw spindle 
projects beyond the small piston, it is accommodated by the 

65 large piston. 

In a construction of the small piston as a stepped piston 
which surrounds the screw spindle and is assembled with the 
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spindle nut, the construction can be very complicated and A cycle, for example, may appear as follows: travel 

the assembly difficult. In contrast, in the especially expedi- rapidly in the one direction, lock in the same direction, travel 

ent configuration the small piston is formed by a plurality of rapidly in the opposite direction, lock in the opposite direc- 

little pistons which are arranged outside the axis of the tion. 

hydraulic unit, are supported axially on the spindle nut and 5 , n principle> it possible t0 form ±G two pistons as 

plunge into holes of the cylinder base. Guidance of the little differential istons> in which case> depending on which 

pistons in the cylinder base free of jamming is permitted . areas define a nressure soace nower transmission 

owing to the fact that the little pistons are only supported pi f ton a u re *f detlne t a P£ essu [e space, power transmission 

axially on the spindle nut. The pressure space can be sealed raUoswhich are quite different in the two opposite directions 

off independent of the spindle nut if the large piston „ obtaiDe ^ H ° We T' *u tW ° "* 

, i f- u * -in* 10 synchronous pistons, so that the same ratios prevail m the 

plunges with an annular section between two axial walls of J directions 

the cylinder of the hydraulic unit. For a short type of PP 1 

construction, the spindle nut plunges into the central passage Advantageous configurations of a double-acting drive 

of the cylinder base. device according to the invention are also disclosed. 

The temperature of the pressure fluid located in the 15 So that the screw spindle does not perform any wobbling 
pressure space depends on the operating period, the cycle movement with its one end, it is expediently rotatably 
times and the ambient temperature. In order to compensate mounted at the end. However, if the screw spindle is axially 
for a volumetric change accompanying a temperature fixed and the bearing part is the large piston which moves 
change, the pressure space of the hydraulic unit can be relative to the screw spindle, the axial misalignment 
connected to a hydraulic accumulator. During the build-up 20 between screw spindle and bearing part may change during 
of a high pressure in the pressure space, it is not to be a working cycle, so that, in the case of a radially fixed 
possible for any pressure fluid to be displaced into the bearing, the screw spindle would be subjected to high 
hydraulic accumulator, since otherwise large travel of the alternating bending forces and could become sluggish. Pro- 
small piston would be necessary. In order to avoid this, the vision is therefore made for the one end of the screw spindle 
hydraulic accumulator, can be formed in such a way that its ^ to be mounted in a radial bearing which, if a radial force 
maximum capacity is already reached at a low pressure exceeds a limit force, is radially adjustable relative to a 
within the range of, for example, 5 to 10 bar. However, it is guide bush serving for the longitudinal guidance of the 
also conceivable for a valve to be arranged in the fluid screw spindle. 

connection between the hydraulic accumulator and the pres- A drive device according to the invention for closing and 

sure space, with which valve the fluid connection can be shut 30 opening the mold on an injection molding machine for 

off. The valve may be operated as a function of the pressure plastics is advantageously combined with a drive device for 

in the pressure space or as a function of the position of the actuating an ejector or a plurality of ejectors, 

hydraulic unit, possibly together with an electromagnetically If the coup ii ng device between the small piston and the 

actuable clutch. one other part of the power transmission means functions 

An especially short type of construction of a drive device 35 hydraulically, it is favorable if the clutch space, for the 
according to the invention is obtained by the large piston regulating movement, can be connected to a charged high- 
being formed as a diaphragm piston with a diaphragm. The pressure accumulator. The pressure fluid in the clutch space, 
diaphragm is advantageously of elastic construction and at without movement of the small piston, can then already be 
the same time constitutes the coupling device with which the prestressed to such a pressure that the other part directly 
intermediate part and the large piston are coupled to one 40 follows the movement of the small piston. The clutch space, 
another in a fixed position for the regulating movement. after the end of a regulating movement, is advantageously 

The diaphragm is preferably fastened at its outer margin connected to a low-pressure accumulator, that is to say a 
to the intermediate part of the hydraulic unit and is provided hydraulic accumulator with low pressure, so that, during the 
centrally for fastening to the part to be moved. No sliding effectiveness of the power transmission, no additional work 
movement takes place between piston and intermediate part. 45 has to be performed for the displacement of pressure fluid 
The pressure space can be sealed off to the outside especially into the high-pressure accumulator. If the clutch space, 
effectively. In this case, an especially effective seal is during a working cycle, is alternately connected to the 
obtained by a further configuration in which no parts are high-pressure accumulator and to the low-pressure accumu- 
moved relative to one another at the sealing points. A type lator or to a space relieved toward the low-pressure accu- 
of bellows is used for the sealing, provision being made to 50 mulator during a period of a working cycle, in each case a 
ensure that the bellows does not migrate into any gap and small quantity of pressure fluid, on account of the compress- 
that it is not damaged and ultimately destroyed as a result. ibility of the pressure fluid, passes from the high-pressure 

Sometimes a force which is of similar magnitude to the accumulator into the low-pressure accumulator. In principle, 
locking force is required for opening the mold on an it is possible to pump this quantity back into the high- 
injection molding machine for plastics. In the case of such 55 pressure accumulator again by a small hydraulic pump with 
a requirement, the power transmission means of a drive separate drive motor and in this way keep the pressures in 
device according to the invention is advantageously con- the hydraulic accumulators at the desired level. The outlay 
structed so as to be double-acting, in which case at least the would probably be lower if the small piston has a pump 
large piston is constructed so as to be double-acting. Two piston section which adjoins a displacement chamber and by 
different small pistons may be used. In principle, however, 60 the reciprocal movement of which pressure medium can be 
one small piston is sufficient, this small piston, the large drawn from the low-pressure accumulator into the displace- 
piston and the intermediate part together enclosing two ment chamber and can be displaced from the displacement 
closed pressure spaces which are separate from one another, chamber into the high-pressure accumulator. The pressure 
are filled with a pressure fluid and are located on opposite medium is drawn in and displaced in an especially simple 
sides of the pistons. In quite general terms, not only may 65 manner in each case via a check valve, as is usually the case 
travel be executed very quickly in opposite directions but a in piston pumps. In this case, it certainly appears possible for 
high force may also be exerted with such a drive device. the pressure fluid quantity delivered by the pump piston 
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section to correspond exactly to the quantity entrained into FIG. 9 shows a ninth exemplary embodiment in which the 

the low-pressure accumulator from the high-pressure accu- intermediate part of the power transmission means can be 

mulator on account of the compressibility, but this is difficult clamped by wedges on spars of a machine, it being possible 

to realize. Therefore, the delivered quantity is made slightly for the pressure in the pressure space to be applied to the 

larger than the entrained quantity and, a spill valve is 5 wedges, 

arranged between the high-pressure accumulator and the piG. io shows a tenth exemplary embodiment in which 

low-pressure accumulator, this spill valve opening if the the intermediate part of the power transmission means, as in 

pressure difference between the two hydraulic accumulators the ninth exemplary embodiment, can be clamped by 

exceeds a certain magnitude. wedges on spars of a machine, but in which spring pressure 

If the power transmission means is constructed so as to be io can be applied to the wedges, 

double-acting, the configuration appears especially advan- pjQ u shows an Seventh exemplary embodiment in 

tageous. The first piston section is not carried along during which the intermediate part of the power transmission means 

the pressure build-up in the one direction, so that the first can be hydraulically locked directly by a trapped pressure 

small pressure chamber is not further enlarged in its volume fluid volume 

and do vacuum arises therein even without special measures, is mQ Ufl ^ a q{ ^ , 

. sma " ? ressur f. cfiamber ^f 8 T ad J° in tbe brs l embodiment of the pressure-medium reservoir, 
piston section of the small piston, so that the movement of 

the first piston section away from the stop does not contrib- ^G. 12 shows a twelfth exemplary embodiment in which 

ute to the change in the volume of the second small pressure the intermediate part of the power transmission means can 

chamber, but rather its volumetric change is determined 20 be locked by an axial stop which follows the intermediate 
solely by the effective area of the second piston section and 

remains small if the effective area is correspondingly small. FIG- 13 shows a thirteenth exemplary embodiment in 
By the spring which is present according to another which > 35 in the twelfth exemplary embodiment, the inter- 
feature of the invention a slip clutch between the two piston mediate part of the power transmission means can be locked 
sections of the small piston or between the drive element and 25 b y an axial st0 P which follows the intermediate part, it being 
the first piston section in the one direction is created in a possible for the stop to be moved by a second electric motor, 
simple manner. FIG. 14 shows a fourteenth exemplary embodiment in 

TTm „ _ mr „„ which the intermediate part can be locked by a threaded part 

DETAILED DESCRIPTION OF THE DRAWINGS which can be rQtated b £ a second dectric * Qtor> 

Several exemplary embodiments of a drive device accord- 30 nG 15 ghows a fifteenth eX e mp iary embodiment in 

ing to the invention are shown in the drawings. The inven- which g^de tube and clamping mb e 

are again separate and 

tion will now be explained in more detail with reference to m which? for contr olling the power transmission means, the 

these drawings, in which: smalI piston and the large piston are t0 one ano ther 

FIG. 1 shows a first exemplary embodiment in which the v | a a hydraulic slip clutch, 

drive element is driven by a rotary electric motor via a stroke 35 mG ^ & k embodiment in 

spindle, and the mtermediate part of the power transmission which ^ d { ^ fa surrounded b mdividual brake 

means can be locked by radial widening by friction grip, fods ^ m which> for controlling the power transmission 

FIG. la shows a variant of the first exemplary means, the small piston and the large piston can be coupled 

embodiment, a restoring plate acting on the large piston and t0 one another ^ ^ electromagnetic clutch, 

not on the intermediate part of the power transmission 40 , . ... . , c 

r v FIG. 17 shows a view in the axial direction of the 

_ ' „ , , , , . clamping tube and the brake rods surrounding it from FIG. 
FIG. 2 shows a second exemplary embodiment in which 

the intermediate part of the power transmission means can * _ „ _ . 

be locked by pivotable locking bars by positive locking, J™ 18 shows a cross seclI0n thr0U S h an ^mdual brake 

nG. 3 shows a third exemplary embodiment in which the ' 

intermediate part of the power transmission means can be mG - 19 shows a seventeenth exemplary embodiment in 

locked by a type of multiple-disk brake again by friction which the intermediate part of the power transmission means 

grip ~ can be i oc k ed v | a bra k e s hoes which are held on the frame 

FIG. 4 shows a fourth exemplary embodiment in which 5Q and to which external pressure medium can be applied, 

the pressure fluid is cooled by a cooling passage, FIG - 20 shows an eighteenth exemplary embodiment 

FIG. 5 shows a fifth exemplary embodiment which is which is of similar construction to the sixteenth exemplary 

largely identical to the first exemplary embodiment, but in embodiment, but in which an external pressure medium can 

which a clutch is located between the drive element and the be a PP lied on the inside to the clamping tube, and 

intermediate part of the power transmission means, 55 FIG. 21 shows a nineteenth exemplary embodiment in 

FIG. 6 shows a sixth exemplary embodiment in which the which both the small piston and the large piston of the 

intermediate part, in addition to a guide tube for the large hydraulic unit are formed as hollow pistons and accommo- 

piston, has a clamping tube which can be radially widened date tne screw spindle, rotationally driven by the electric 

on a larger diameter, motor, of a screw drive for moving the small piston, 

FIG. 7 shows a seventh exemplary embodiment, again 60 FIG - 22 shows a twentieth exemplary embodiment which 

with a clamping tube which is separate from the guide tube is of similar construction to the nineteenth exemplary 

and which is very thin compared with the clamping tube of embodiment, but in which the small piston is formed by a 

the sixth exemplary embodiment and rests on the guide tube plurality of little pistons and in which the pressure space is 

in the relieved state, connected to a piston accumulator, the capacity of which is 

FIG. 8 shows an eighth exemplary embodiment in which 65 exhausted at low pressure, 

the intermediate part of the power transmission means can FIG. 23 shows a special bearing arrangement of the one 

be clamped by wedges in a bore of a machine part, end of the screw spindle from FIG. 22, 
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FIG. 24 shows a twenty-first exemplary embodiment 
which is of similar construction to the sixteenth exemplary 
embodiment, but in which a fluid connection between the 
pressure space and a hydraulic accumulator can be con- 
trolled via a directional control valve, 5 

FIG. 25 shows a twenty-second exemplary embodiment 
in which the small piston is formed by a plurality of little 
pistons and the large piston is formed by a diaphragm piston, 

FIG. 26 shows a twenty-third exemplary embodiment 
which has a double-acting hydraulic power transmission 10 
means, 

FIG. 27 shows a variant of the twentieth exemplary 
embodiment, this variant being additionally equipped with a 
drive device for an ejector, 35 

FIG. 28 shows a further variant of the twentieth exem- 
plary embodiment having a drive device for a plurality of 
ejectors, 

FIG. 29 shows a view of the drive device for the ejector 
according to FIG. 28 in the axial direction, 20 

FIG. 30 shows a further variant of the twentieth exem- 
plary embodiment having another drive device for a plural- 
ity of ejectors, and 

FIG. 31 shows a section along line D — D from FIG. 30, 

FIG. 32 shows the twenty-fourth exemplary embodiment, 25 
in which, as in the exemplary embodiment according to FIG. 
15, the small piston and the large piston can be hydraulically 
coupled to one another, and the small piston, as in the 
exemplary embodiment according to FIG. 16, has an annular 
area as effective area for the power transmission, 30 

FIG. 33 shows the twenty-fifth exemplary embodiment, in 
which the small piston can be hydraulically coupled to the 
intermediate part of the hydraulic unit, 

FIG. 34 shows the twenty-sixth exemplary embodiment, 35 
in which the small piston can likewise be coupled to the 
intermediate part of the power transmission means, and the 
power transmission means is constructed so as to be double- 
acting, 

FIG. 35 shows the twenty-seventh exemplary 40 
embodiment, which is of similar construction to that accord- 
ing to FIG. 34, but in which the clutch space between the 
small piston and the intermediate part is at the same time 
also a sectional space of a pressure space of the power 
transmission means. 45 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

According to FIG. 1, an electric motor 11 and a hydraulic 
power transmission means 12 of circular-cylindrical cross 50 
section on the outside are accommodated by a stepped bore 
9 of a machine frame 10. A housing 13 of the electric motor 
11 is essentially composed of two bearing plates 14 and 15 
and a housing shell 16. Sitting on the latter on the inside is 
the stator 17 of the electric motor. The rotor 18 of the electric 55 
motor sits on a hollow drive shaft 19 which is rotatably 
mounted in two rolling-contact bearings 20 held in the 
bearing plates 14 and 15 and in which a ball groove thread 
21 is formed on the inside. 

Located inside the hollow drive shaft 19 is a stroke 60 
spindle 25 which is locked against rotation and has a first 
section 26 which constitutes the actual stroke spindle and 
has a diameter which is approximately equal to the inside 
diameter of the drive shaft 19 and is provided on the outside 
with a ball groove thread 27. Located between the latter and 65 
the ball groove thread 21 of the drive shaft 19 are balls 28, 
via which the drive shaft 19 and 'the stroke spindle 25 are 
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coupled to one another. The stroke spindle 25 has a second 
section 28 which has a circular-cylindrical shape and is 
smaller in diameter than the first section 26. A restoring disk 
29 is fastened to the free end of the section 28. 

The second section 28 of the stroke spindle 25 constitutes 
part of the hydraulic power transmission means 12. 
Specifically, it is the small piston with the smaller effective 
area and plunges into a pressure space 35, filled with a 
hydraulic fluid, of the hydraulic power transmission means 
12. In addition, the latter has a large piston 36 with a large 
effective area and also an intermediate part 37 which is at 
rest when the force transmission is being utilized and, in all 
the exemplary embodiments shown, is a cylinder accommo- 
dating the large piston 36. In the exemplary embodiment 
according to FIG. 1, the cylinder is composed of a first end 
flange 38 with a central opening 39, the diameter of which 
corresponds to the diameter of the small piston 28 and 
through which the piston 28 enters the pressure space 35 in 
a sealed-off manner. The restoring disk 29 is fastened inside 
the pressure space 35 to the end face of the piston 28. A 
second end flange 40 of the cylinder 37 likewise has a 
central opening 41. Its diameter is larger than the diameter 
of the opening 39 in the flange 38. A piston rod 42 of the 
large piston 36 is located in the opening 41. Extending 
between the two flanges 38 and 40 and tightly connected to 
them is the tubular cylinder envelope 43, which, except for 
two annular, inwardly directed widened portions at its ends, 
these widened portions serving for fastening to the flanges, 
is formed to be so thin-walled that it can be extended 
elastically outward by an internal pressure. When the cyl- 
inder envelope 43 is not extended, there is a slight clearance 
between the envelope and the bore 9, which has a slightly 
larger diameter in the region of the electric motor than in the 
region of the power transmission means 12. 

The large piston 36 is essentially formed in two pieces and 
has a pot-shaped outer part 44 with a base 45 and an 
envelope 46, which extends from the base 45 at a radial 
distance from the cylinder envelope 43 in the direction of the 
flange 40 of the cylinder 37 and has an outer flange 47 at its 
free end, at which outer flange 47 the large piston 36 and 
cylinder 37 are guided on one another and sealed off from 
one another at a point 50. A further guide 49 between the 
piston 36 and the cylinder 37 is located in the region of the 
base 45. This guide 49 is interrupted in sections, so that the 
space outside the envelope 46 of the pot 44 is freely 
connected to the space between the base 45 of the pot 44 and 
the flange 38. Furthermore, there are spacers 48 between the 
base 45 and the flange 38 of the cylinder 37, so that the base 
45 cannot bear flat against the flange 38 and there is a free 
connection of all the clearance spaces between the flange 38 
and the large piston 36, these clearance spaces forming the 
pressure space 35. 

A central opening 55 in which the piston rod 42 is 
fastened is located in the base 45 of the outer part 44 of the 
large piston 36. The small piston 28 together with the 
restoring disk 29 can plunge into a blind hole 56, open 
toward said small piston 28, of the piston rod 42. 

The outside diameter of the piston rod 42 is smaller than 
the inside diameter of the envelope 46 of the outer part 44, 
so that an annular groove 57 is produced in the piston 36, 
this annular groove 57 being open toward the flange 40 of 
the cylinder 37 and accommodating a helical compression 
spring 60 which is secured in position between the base 45 
of the piston 36 and the flange 40 of the cylinder 37 and thus 
loads these two parts in such a direction that the piston 36 
bears against the flange 38 of the cylinder 37 via the spacers 
48. When said piston 36 comes to bear, the helical com- 
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pression spring 60 is loaded in such a way that it can transmit 
the force required for the regulating movement of the platen 
of an injection molding machine for plastics without increas- 
ing the preloading. 

The pressure space 35 including the blind hole 56 is filled 
with a pressure fluid, to be precise with a silicone oil, which 
has good thermal stability and ages substantially more 
slowly than a mineral oil. The space between the flange 40 
and the piston 36 is connected to the atmosphere via holes 
in the flange 40. 

In FIG. 1, the drive device is shown in a state in which the 
mold of an injection molding machine for plastics is com- 
pletely open. The restoring plate 29 of the small piston 28 
and the large piston 36 bear against the flange 38 of the 
cylinder 37. The pressure in the pressure space 35 is thus 
lower than the pressure equivalent to the helical compres- 
sion spring 60. However, it is higher than the pressure which 
is necessary in order to transmit the force required for the 
regulating movement of the platen. 

If the mold is now to be closed, the electric motor is 
activated in such a way that its rotor rotates in a direction in 
which an axial movement of the stroke spindle 25 is effected 
to the right as viewed according to FIG. 1. Since the pressure 
in the pressure space 35 is sufficiently high, the large piston 
36 immediately follows the movement of the small piston 28 
and also carries along the cylinder 37 via the helical com- 
pression spring 60. Finally, the mold is closed, so that a high 
resistance counteracts the further movement of the large 
piston 36. The stroke spindle continues to be moved, so that 
the small piston 28 plunges deeper into the pressure space 
35. As a result, the pressure in the pressure space 35 
increases, in the course of which the helical compression 
spring 60, subjected to appropriately high preloading, first of 
all prevents the cylinder 37 from giving way to the left. 
Finally, by further pressure increase, the cylinder envelope 
43 is widened to such an extent that it abuts on the inside 
against the wall of the bore 9. As a result, the cylinder 37 is 
held in its position by clamping, that is by friction grip, even 
if this can no longer be effected solely by the helical 
compression spring 60. The mold is now locked with a high 
closing force, which results from the product of the pressure 
in the pressure space 35 and the effective area of the large 
piston 36 less the force of the helical compression spring 60. 
On the other hand, the reaction force on the stroke spindle 
25 is determined by the product of the pressure in the 
pressure space 35 and the substantially smaller effective area 
of the small piston 28. The loading of the ball screw drive 
is therefore low. 

To open the mold, the electric motor 11 is driven in the 
opposite direction. The stroke spindle 25 travels to the left 
and finally, via the restoring plate 29, the cylinder 37, the 
helical compression spring 60 and the large piston 36, 
carries along the platen with the mold half fastened thereto. 

In the embodiment shown in FIG. 1, the restoring plate 29 
acts on the flange 38 of the cylinder 37. It is also 
conceivable, according to a variant, shown in FIG. la, of the 
embodiment according to FIG. 1, for the restoring plate 29 
to engage behind a shoulder 30 on the piston 36 and for the 
retraction of the platen by the stroke spindle 25 to take place 
directly via the large piston 36. In this case, it is advanta-. 
geous that the platen, during the closing of the mold, can be 
braked directly via the stroke spindle 25 and the large piston 
36 and not via the helical compression spring 60. According 
to FIG. la, the restoring plate 29 has opposite flats. The 
shoulder 30 comprises only two opposite individual 
projections, between which the inside radius of the piston 
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rod 42 is equal to the radius of the blind hole 56. The gaps 
between the two projections are so large that the large piston 

36 and the small piston 38 can be inserted one inside the 
other and be released from one another in a bayonet-like 

5 manner. Since the two pistons 28 and 36 are locked against 
rotation in the ready-to-operate state, they cannot be released 
from one another. Via the flats on the restoring disk 29 and 
the gaps between the projections 30, there is a free fluidic 
connection between the blind hole 56 and the remaining 

10 parts of the pressure space 35. 

The exemplary embodiment shown in FIG. 2 essentially 
shows only the hydraulic unit 12. This hydraulic unit 12 
again has a cylinder 37, a large piston 36 and a small piston 
28 with a restoring plate 29 which engages behind an end 

!5 flange 38 of the cylinder 37. The latter, in the exemplary 
embodiment according to FIG. 2, is only formed in two 
pieces and, in addition to the flange 38, has a dimensionally 
stable envelope 63, to which the flange 38 is screwed and 
which, at a distance from the flange 38, has an inner shoulder 

20 64, on which the helical compression spring 60, also present 
in the second exemplary embodiment, is supported and 
which serves as a travel limit for the large piston 36. Behind 
the inner shoulder 64, an annular groove 65 runs on the 
outside around the envelope 63. The large piston 36 is 

25 constructed in a similar manner to the same piston of the first 
embodiment and has a blind hole 56 which is part of the 
pressure space 35, an annular groove 57 which accommo- 
dates the helical compression spring 60, and a piston rod 42 
which moves freely outward inside the shoulder 64. The 

30 space in which the helical compression spring 60 is located 
is connected to the atmosphere in exactly the same way as 
in the embodiment according to FIG. 1. 

The cylinder 37 is axially guided in a ring 70 which, with 
an external thread 71, interacts with an internal thread of the 

35 machine frame 10. At one end, the ring 70, with a stop 72, 
overlaps the outside diameter of the cylinder 37 toward the 
inside and thus limits the travel of the cylinder 37 in the one 
direction. In front of the stop 72, an annular groove 73 open 
to the inside is made in the ring 70. Running at equal angular 

40 distances from one another between the other end of the ring 
70 and the annular groove 73 are a plurality of axial holes 
74, through which bolts 75 are inserted, of which each 
carries a locking element 76 at one end in the annular groove 
73. The bolts 75 can be turned by acting on the other end. 

45 The bolts 75 can assume a rotary position in which the 
locking elements 76 do not engage in the groove 65 of the 
cylinder 37. This is shown at the top in FIG. 2. The cylinder 

37 is then freely movable within its stroke range. If the 
cylinder 37 bears against the stop 72 of the ring 70, the 

50 locking elements 76 can be swung into the annular groove 
65 by turning the bolts 75. The cylinder 37 of the hydraulic 
power transmission means 12 is then locked in a positive 
manner against movement. The functioning of the exem- 
plary embodiment according to FIG. 2 is the same as that of 

55 the exemplary embodiment according to FIG. 1. However, 
locking of the cylinder 37 is not now possible in every 
position. In order to bring the locking position of the 
cylinder 37 into conformity with a certain closing position of 
the platen, the ring 70 is rotated in the machine frame 10 and 

60 as a result the stop 72 and the locking elements 72 are axially 
adjusted. 

In the exemplary embodiment according to FIG. 3, the 
cylinder 37 can again be locked by friction grip and thus in 
any desired position. In this case, however, the locking 
65 device, compared with the embodiment according to FIG. 1, 
is formed in such a way that very high reaction forces can 
be withstood. The locking device in this case comprises two 
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stacks of metal sheets 77 and 78 and one or more actuators high force which exceeds the force which can be transmitted 

(not shown in any more detail). The two outermost metal by the spring 60. When the mold is closed, the clutch 85 is 

sheets 77 are fastened to the outer surfaces of the cylinder 37 released. The stroke spindle 25 continues to be moved, so 

via screws 79, of which only one is shown in FIG. 3. The that the small piston 28 plunges deeper into the pressure 

other metal sheets 77 are held on the cylinder by screws 80 5 space 35. As a result, the pressure in the pressure space 35 

which run outside the cylinder 37 and also pass through the increases, in the course of which the helical compression 

two outermost metal sheets, a spacer 81 being arranged in spring 60, which is preloaded to the same extent as in the 

each case between two metal sheets. The stack of metal first exemplary embodiment, first of all prevents the cylinder 

sheets 78 is firmly connected to the machine frame (not 37 from giving way to the left. Finally, by further pressure 

shown in any more detail) and held together via screws 82, 10 increase, the cylinder envelope 43 is widened to such an 

a spacer 81 also being arranged here in each case between extent that it abuts on the inside against the wall of the bore 

two metal sheets. The two stacks of metal sheets interlock 9. 

and can be pressed against one another by the actuators like To open the mold, the electric motor 11 is driven in the 

the disks of a multiple-disk brake. In this way, factional opposite direction and carries along the platen directly via 

locking of the cylinder 37 even against high acting forces is 15 the restoring plate 29 and the large piston 36 without a 

also possible. spring m between. 

The embodiment according to FIG. 4, in which only one if ? m a variant (not shown) of the fifth exemplary 

half of the hydraulic power transmission means of this embodiment, the cylinder 37 is not locked by being acted 

embodiment is shown, largely corresponds to that according upon by the pressure prevailing in the pressure space 35 but, 

to FIG. 1. The hydraulic power transmission means 12 again 20 independently thereof, is locked mechanically or 

has a small piston 28, which is axially movable by an electric hydraulically, the helical spring is not necessary. However, 

motor via a spindle drive, a large piston 36 and a cylinder 37. it is The same pressure as in the pressure space 35 thus 

The cylinder has a flange 38, a flange 40 and a cylinder prevails in the clearance space 96 and therefore on the inside 

envelope 43 which can be widened by an internal pressure 0 f tn e outer tube 92. When a pressure is therefore built up in 

and pressed against a wall of the machine frame 10. A helical 25 tfae pressure space 35 by the small piston 28 plunging into 

compression spring 60 is again secured in position between the pressure space 35, pressure is also applied outward to the 

piston 36 and cylinder 37, the seal between the cylinder outer tube 92 and the latter clamps the cylinder 37 in place 

envelope 43 and the piston 36 now being located in front of in the bore 9 (omitted in FIG. 6). The size of the clamping 

the piston-side end of the compression spring 60 and the surface can thus now be selected independently of the size 

power transmission means accordingly being constructed to 30 0 f the large piston 36. In addition, the guidance and sealing 

be longer than in the embodiment according to FIG. 1. The 0 f t he large piston 36 at the cylinder 37 is not influenced by 

space in which the compression spring 60 is located is again the clamping. This is because the tube 94 is so robust that it 

connected to the atmosphere. The pressure space 35 is filled is scarcely deformed inward by the pressure acting on it 

with a pressure fluid. So that heat can be dissipated from the f rom the outside. 

latter, a cooling coil 85 through which cold water can be 35 fa ^ & compression spring 6Q ^ the 

conducted leads through the pressure space 35. embodiment according to FIG. 6, via which helical com- 

The exemplary embodiment according to FIG. 5 is largely pression spring 60 the cylinder 37 can be carried along by 

constructed like the exemplary embodiment according to the large piston 36, and, after the closing of the mold, the 

FIG. 1 in its variant according to FIG. la. The same parts are cylinder 37 can be held until a pressure, by which the 

therefore provided with the same designations as in FIG. 1 cylinder 37 is clamped, has built up due to the piston 28 

without this being dealt with in more detail here. Only the continuing to plunge into the pressure space 35. 

differences shall be considered below. ^ fa ^ exemplary emb odiment according to FIG. 7, 

According to FIG. 5, the large piston of the fifth exem- the clamping diameter for the cylinder 37 of the hydraulic 

plary embodiment is produced from a single piece. 45 un it 12 is different from the guidance and sealing diameter 

Compared with the exemplary embodiment according to of the piston 36. The latter, as in the exemplary embodiments 

FIG. 1, the distance between the electric motor 11 and the according to FIGS. 1 and 5, is again formed in two pieces 

base 38 of the cylinder 37 is increased. Accordingly, the with an outer part 44 and, an inner part with piston rod 42. 

second section 28 of the stroke spindle 25 is lengthened. At its end facing the base 38 of the cylinder 37, the inner part 

Arranged in the space created between the electric motor 11 50 has an inner shoulder 101, behind which a restoring disk 29 

and the cylinder 37 is a clutch 85, via which the stroke on the small piston 28 engages. The piston 36 is now 

spindle 25 can be coupled directly to the cylinder 37. The continuously hollow centrally, so that the restoring disk 29 

clutch is actuated electromagnetically, an electric winding can be fastened to the small piston 28 from the free end of 

86 being accommodated in an axially open groove of the the piston rod 42. In this case, it is pushed over a threaded 

base 38 of the cylinder 37. When the winding is not 55 stem 102 of the piston 28 up to an outer shoulder and is 

energized, a flat armature 87 is held at a distance from the secured by a nut 103. From the free end, the piston rod 42 

base 38 by springs 88. A plurality of elastically deformable has an internal thread, into which a connecting piece 104 for 

hooks 89 are fastened to the base 38 around the section 28 the movable platen is screwed in a sealed-off manner, 

of the stroke spindle 25, these hooks 89 being bent inward As in the embodiments according to FIGS. 1 and 5, the 

by a movement of the flat armature 87 toward the base 38 60 cylinder 37 has a base 38, a flange 40 and an inner tube 94 

and engaging in annular grooves 90 of the stroke spindle 25. which runs between these two parts and which has a large 

The clutch thus comes into effect by energizing the winding wa u thickness and is accordingly dimensionally stable. The 

86. large piston 36 is guided axially in the tube 94 by means of 

In the exemplary embodiment according to FIG. 5, the the outer part 44 at two points which are at a considerable 

clutch 85 enables the hydraulic unit 12 and the movable 65 distance from one another and correspond to the points 49 

platen, fastened to the piston 36, of an injection molding and 50 of the exemplary embodiments according to FIGS. 1 

machine for plastics to be accelerated very rapidly by a very and 5. The clearance space axially between these two points 
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49 and 50 and radially between the piston 36 and the 
cylinder 37, unlike in the exemplary embodiments according 
to FIGS. 1 and 5, is not filled with pressure fluid but is now 
connected via radial holes 104 in the outer part 44 of the 
piston 36 to the annular groove 57 accommodating the 5 
helical compression spring 60 and thus to the atmosphere. 
Accordingly, the guidance of the piston 36 at the point 50 
need not be tight. On the other hand, there must be a sound 
seal at the point 49 and at the passage of the piston 28 
through the base 38 of the cylinder 37. In the exemplary 
embodiment according to FIG. 7, therefore, sealing rings 
106 which are permanent magnets are used at the point 49 
and between the piston 28 and the base 38 of the cylinder 37. 
Located in the pressure space 35 is a pressure fluid which is 
magnetorheological. Such a fluid has a viscosity which 
depends on the strength of a magnetic field passing through 15 
it. The stronger the magnetic field, the higher the viscosity. 
Thus the pressure fluid used in the exemplary embodiment 
according to FIG. 7 in the region of the sealing rings 106 is 
highly viscous, so that an extremely effective seal is pos- 
sible. 20 

Made in the outside of the tube 94 of the cylinder 37 is a 
spiral groove 97 which is fluidically connected to the 
pressure space 35 via a plurality of radial holes 98 passing 
through the rube 94. Compared with the exemplary embodi- 
ment according to FIG. 6, the tube 94 is surrounded by a 25 
very thin-walled outer tube 92 which bears against the inner 
tube 94 when there is absence of force between the indi- 
vidual turns of the spiral groove 97. The outer tube 92 
therefore does not give way inwardly during the final 
machining of its outside, e.g. by grinding, so that the 30 
hydraulic unit 12 can be produced with an accurate external 
dimension and there is little risk of jamming in the bore 9 
during the regulating movement. The tube 92 bears with a 
certain prestress against the tube 94, so that the pressure 
which occurs in the pressure space 35 during the regulating 35 
movement and which is thus also applied in the spiral groove 
97 still cannot widen the tube 92 outward. 

In FIG. 7, the hydraulic unit is shown in a state in which 
the mold of an injection molding machine for plastics is 
completely open. The restoring plate 29 of the small piston 40 
28 bears against the large piston 36 and the latter in turn 
bears against the cylinder 37. If the mold is now to be closed, 
the small piston 28 is moved to the right in the view 
according to FIG. 7. If the pressure in the pressure space 35 
was already sufficiently high at the start, the large piston 36 45 
directly follows the movement of the small piston 28 and 
also carries along the cylinder 37 via the helical compression 
spring 60. In the process, the pressure in the pressure space 
35, which is also applied in the spiral groove 97, is not yet 
sufficient in order to widen the outer tube 92. Finally, if the 50 
mold is closed, a high resistance opposes the further move- 
ment of the large piston 36 and the pressure in the pressure 
space 35 increases as the small piston 28 plunges deeper into 
the pressure space 35, of which the cavity in the piston 36 
is a part. First of all, the helical compression spring 60, 55 
subjected to appropriately high preloading, prevents the 
cylinder 37 from giving way to the left. Finally, by further 
pressure increase, the outer tube 92 is widened, so that it 
abuts on the inside against the wall of the bore 9. The 
cylinder 37 is then held by clamping in the bore 9, and, by 60 
further movement of the small piston 28, the pressure in the 
pressure space 35 can be further increased in order to exert 
a high locking force for the mold. 

The exemplary embodiments according to FIGS. 8, 9 and 
10 are only shown in a highly schematic manner and are 65 
therefore also described below without dealing with every 
detail. 
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According to FIG. 8, the eighth exemplary embodiment 
also has a cylinder 37 with a base 38, a small piston 28 with 
a restoring plate 29, and a large piston 36 which is loaded by 
a helical compression spring 60 in the direction of the base 
38 of the cylinder 37. As in the exemplary embodiments 
according to FIGS. 6 and 7, in that according to FIG. 8 
various components also fulfill the guidance function for the 
large piston 36 and the function for clamping the cylinder 37 
in the bore 9. Outside the guide wall 94 for the piston 36, the 
cylinder 37 has an annular passage 110 in which an annular 
wedge 111 is located approximately centrally, this annular 
wedge 111 bearing on the outside against the guide wall 94 
and running conically on the outside from its one end face 
to the other end face in a conical or wedge surface 112. 
Located on the one side of the annular wedge 111 is an 
annular piston 113 which, on its side remote from the 
annular wedge 111, defines an annular space 114 which is 
fluidically connected to the pressure space 35 via passages 

115. The annular wedge 111 has its largest outside diameter 
at its axial end face facing the piston 113. A spring stack of 
several disk springs 116 is secured in position between the 
end face of the wedge 111 having the smaller outside 
diameter and the one end of the annular passage 110. An 
outer annular wedge 117 having a conical or wedge surface 
118 rests on the annular wedge 111. This annular wedge 117 
is held in an axially secure position in an aperture 119, 
leading outward from the annular passage 110, of the 
cylinder 37 and is able to bear against the wall of the bore 
9. It has a slot so that it can expand radially. However, it may 
also be replaced by individual separate outer wedges. 

In FIG. 8, the hydraulic unit 12 is shown in a state as 
assumed by it during the regulating movement of a movable 
platen of an injection molding machine for plastics. The 
restoring plate 29 of the small piston 28 bears against the 
large piston 36 and the latter bears against the base 38 of the 
cylinder 37. The pressure prevailing in the pressure space 35 
and thus also in the annular space 114 is not able to displace 
the piston 113 and the wedge 111 against the disk springs 

116. The wedge 117 is at a small distance from the wall of 
the bore 9 or slides along the wall virtually without any 
applied pressure. It is not until the mold is closed and the 
pressure in the pressure space 35 and in the annular space 
114 increases above a certain value that the piston 113 
displaces the wedge 111 against the force of the disk springs 
116, as a result of which the wedge 117 is pressed outward 
against the wall of the bore 9. Since no movement can take 
place axially between the wedge 117 and the cylinder 37, the 
cylinder is locked by the clamping of the wedge 117 in its 
position. During the opening of the mold, the pressure in the 
pressure space 35 and in the annular space 114 decreases and 
the disk springs 116 are able to release the clamping between 
the wedges 111 and 117 and thus between the wedge 117 and 
the machine frame. The entire hydraulic unit 12 can be 
moved back into its initial position. 

In the ninth exemplary embodiment according to FIG. 9, 
as in the eighth exemplary embodiment in FIG. 8, the small 
piston 28, the large piston 36, the cylinder 37 and the 
compression spring 60 loading the large piston in the direc- 
tion of the base 38 of the cylinder 37 are also shown. The 
platen 125 of an injection molding machine for plastics can 
also be seen, this platen 125 being fastened to the loose 
piston 36 and being guided in a movable manner on longi- 
tudinal spars 124. The spars 124 also pass through the 
cylinder 37. Outside the spars 124, the cylinder 37, as in the 
exemplary embodiment according to FIG. 8, has an annular 
passage 110, in which an annular wedge HI is again 
accommodated, and this annular wedge 111 can be loaded in 



US 6,935 : 

19 

the one direction by a piston 113 and in the opposite 
direction by a spring stack of disk springs 116. However, this 
wedge 111 is now the outer wedge of two wedges and 
interacts with an inner wedge or several wedges 117 corre- 
sponding to the number of spars. These wedges 117 are in 5 
turn accommodated in an axially secure position in apertures 
119 of the cylinder 37, which, however, now open the 
annular passage 110 toward the spars 124. An annular space 
114 behind the annular piston 113 is again fluidically con- 
nected to the pressure space 35 by one or more connecting 10 
passages 115. As in the exemplary embodiment according to 
FIG. 8, the cylinder 37 in that according to FIG. 9 is also 
clamped in place by the action of the wedges 111 and 117 
during a pressure increase in the pressure space 35 above a 
certain value. The cylinder 37 is not clamped in place toward 15 
the outside in a bore of a machine part but is now clamped 
in place relative to the spars 124 guiding the platen 125. 

Also in the exemplary embodiment according to FIG. 10, 
the cylinder 37 of the hydraulic unit 12 is clamped with the 
spars 124 of an injection molding machine for plastics. The 20 
exemplary embodiment according to FIG. 10, in the same 
way as that according to FIG. 9, has a small piston 28 and 
a large piston 36, to which the movable platen 125 is 
fastened and which is loaded by the helical compression 
spring 60 in the direction of the base 38 of the cylinder 37. 25 
The arrangement of the two wedges 111 and 117 is also the 
same as in the exemplary embodiment according to FIG. 9. 
However, the stack of disk springs 116 and the annular 
piston 113 are now transposed. The disk springs 116 act on 
the outer wedge 111 for clamping the cylinder 37 with the 30 
spars 124. The annular piston 113 adjoins an annular space 
126 which, in a manner not shown, can be connected via a 
valve to a pressure-medium source or relieved to a pressure- 
medium supply reservoir. 

If the annular space 126 is connected to the pressure- 35 
medium supply reservoir, no external force counteracts the 
disk springs 116. The disk springs 116 are therefore able to 
displace the wedge 111 to the right in the view according to 
FIG. 10, as a result of which the wedge or wedges 117 are 
pressed against the spars 124 and the cylinder 37 is clamped 40 
with the spars 124. By the feeding of pressure medium into 
the annular space 126, the clamping by the wedge 117 is 
released against the force of the disk springs 116. 

In the exemplary embodiment according to FIG. 10, it is 45 
possible, irrespective of the build-up of pressure in the 
pressure space 35, to clamp the cylinder 37 in place at any 
desired point of the travel, e.g. at a short distance from the 
closing position of the platen 125. In this case, the clamping 
is ensured with a high degree of certainty, since this is 5Q 
effected via the disk springs 116 and not by a separate 
external drive. If this drive fails, the cylinder 37 is clamped 
immediately. 

Of course, the disk springs 116 and the piston 113 may 
also be transposed relative to the wedges 111 and 117 in the 55 
exemplary embodiment according to FIG. 8. It is likewise 
possible to reverse the inclination of the wedge surfaces 112 
and 118, in which case, in order to achieve the same 
functioning as in FIG. 8, the stack of disk springs 116 and 
the annular piston 113 must of course also be transposed. 60 

In an exemplary embodiment in which the cylinder 37 is 
not clamped by the pressure in the pressure space 35 but is, 
as it were, separately clamped, as is the case in the exem- 
plary embodiment according to FIG. 10, the helical com- 
pression spring 60 need only be preloaded to such an extent 65 
that it can transmit the force required for accelerating and 
moving the platen 125 and the cylinder 37. The pressure in 
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the pressure space 35 builds up independently of the helical 
compression spring 60. 

The small piston 28 with the restoring plate 29, the large 
piston 36, the cylinder 37, and the helical compression 
spring 60 of the hydraulic unit 12 can again be seen in the 
exemplary embodiment according to FIG. 11. The large 
piston 36, at an outer flange 45 on its end close to the base 
38 of the cylinder 37, is tightly guided in a sliding manner 
on the envelope of this cylinder. Asecond guide point having 
a small diameter is located on the flange 40 of the cylinder 
37. 

The cylinder 37 is not located in a bore 9 of the machine 
frame, which has essentially the same diameter throughout, 
but is now located in a blind hole 127 having a base 128. 
Formed between the latter and the base 38 of the cylinder 37 
is a second pressure space 129, the outside diameter of 
which corresponds to the outside diameter of the cylinder 37 
and the inside diameter of which corresponds to the outside 
diameter of a bush 130 in which the small piston 28 of the 
hydraulic unit 12 is tightly guided. The bush 130 also passes 
through the base 128 and is sealed off relative to the latter. 
This ensures that the pressure media, which are possibly 
different, from the pressure spaces 35 and 129 do not 
intermix. 

Pressure medium from a pressure -medium supply reser- 
voir 131 can flow to the pressure space 129. Likewise, 
pressure medium can be displaced from the pressure space 
129 into the pressure-medium supply reservoir 131. The 
fluidic connection between pressure space 129 and pressure- 
medium supply reservoir 131 is controlled with a check 
valve 132, which stops the flow from the pressure space 129 
to the pressure-medium supply reservoir 131, and a 2/2-way 
directional seat valve 133 which is arranged in a bypass of 
the check valve 132, stops the flow in a rest position and can 
be brought into a straight-through position by an electro- 
magnet. The pressure-medium supply reservoir 131 may be 
open to the atmosphere. However, it may also be closed off 
from the atmosphere by a diaphragm 134 as indicated in 
FIG. 11a. The diaphragm may be under a certain prestress, 
so that the pressure medium is always acted upon by a 
pressure which is above the atmospheric pressure. 

In FIG. 11, the hydraulic unit 12 is shown in a state in 
which the movable platen of an injection molding machine 
for plastics assumes the end position assigned to the open 
mold. If the mold is now to be closed, the piston 28, as in 
all the other exemplary embodiments, is also moved to the 
right in the view according to FIG. 11 and in the process also 
moves the large piston 36 and the cylinder 37 in this 
direction. The pressure space 129 increases and pressure 
medium flows into it from the supply reservoir 131 via the 
check valve 132. If the mold is closed, the pressure in the 
pressure space 35 increases, so that the cylinder 37 is acted 
upon by a force directed to the left. The cylinder 37 is held 
in its position against this force by the pressure medium 
trapped in the pressure space 129, a pressure building up in 
the pressure space 129 which produces a force on the base 
38 of the cylinder 37, this force balancing the force produced 
on the base 38 by the pressure in the pressure space 35 
together with the force of the helical compression spring 60. 

If the mold is to be opened, first of all the pressure in the 
pressure space 35 is reduced by retracting the small piston 
28, as a result of which the large piston 36 moves up to the 
base 38 of the cylinder 37. Then the valve 133 is put into its 
straight-through position, so that, during the subsequent 
retraction of the hydraulic unit 12 and the movable platen 
fastened to the large piston, pressure medium can be dis- 
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placed from the pressure space 129 into the pressure- 
medium supply reservoir 131. 

In the exemplary embodiment according to FIG. 12, the 
movable platen 125 is movably guided on two spars 124 
and, as in the exemplary embodiment according to FIG. 7, 
is connected to the large piston 36 of the hydraulic unit 12 
via a connecting piece 104. The hydraulic unit 12 is formed 
essentially in the same way as in the exemplary embodiment 
according to FIG. 7. One difference consists essentially only 
in the fact that the cylinder 37 is not formed with a double 
wall but rather has only one dimensionally stable envelope 
94. In addition, the hydraulic unit 12 is not located in a bore 
of the machine frame but between the spars 124. 

The spars 124 are put through a fixed supporting plate 140 
at a distance from the movable platen 125 and are firmly 
connected to this supporting plate 140. Also fastened to the 
supporting plate 140 is the electric motor 11, which essen- 
tially corresponds to the electric motor 11 from FIG. 1 or 
from FIG. 5 and whose parts are therefore provided with the 
same designations as in FIGS. 1 and 5. 

The essential difference from the motors according to 
FIGS. 1 and 5 consists in the fact that the hollow drive shaft 
19 is widened in front of the housing flange 15 to form a 
flange 141 which forms the input part of a slip clutch 142. 
A hollow spindle 143, through which the stroke spindle 25 
passes centrally, can be driven by the electric motor 11 via 
this slip clutch 142, and this hollow spindle 143 is provided 
with an external thread 144 having the same pitch as the 
external thread 27 of the stroke spindle 25 and has a flange 
145 axially opposite the flange 141. The hollow spindle 143 
is axially supported on the hollow shaft 19 of the electric 
motor via a rolling-contact bearing 146. The hollow shaft 19 
in turn is supported on the supporting plate 140 via a 
rolling-contact bearing 147. The rolling-contact bearing 146 
and the slip clutch 142 are matched to one another in such 
a way that the friction linings of the slip clutch can only be 
pressed against one another up to a certain force. Forces 
exceeding this force are transmitted directly to the hollow 
shaft 19 via the rolling-contact bearing 146. The external 
thread 144 of the hollow spindle 143 is in engagement with 
the internal thread 148 of a spindle nut 149 which is guided 
on the spars 124 and acts as an axial stop for the cylinder 37. 
Secured in position between the latter and the spindle nut 
149 is a helical compression spring 150 which attempts to 
push the two parts apart axially, the distance between the 
two parts possibly being a few tenths of a mm. The position 
of the restoring plate 29 on the small piston 28 is of course 
designed for such a distance. The threads 144 and 148 are 
Trapezoidal threads which intermesh in a self-locking man- 
ner. 

To close the mold, the electric motor 11 drives the stroke 
spindle 25 via the hollow shaft 19 and at the same time the 
hollow spindle 143 via the slip clutch 142. Since the 
intermeshing threads between hollow shaft 19 and stroke 
spindle 25 have the same pitch as the intermeshing threads 
144 and 148 of hollow spindle 143 and spindle nut 149, the 
spindle nut 149 moves at the same speed as the stroke 
spindle 25. It thus runs behind the cylinder 37 of the power 
transmission means 12 at the distance ensured by the spring 
150. 

As soon as the mold is closed, the pressure in the pressure 
space 35 increases, so that the cylinder 37 gives way to the 
rear until the clearance between it and the spindle nut 149 
has been used up. Further rotation of the hollow shaft 19 
leads to an increase in the moment in the Trapezoidal threads 
144 and 148. The slip clutch 142 slips, so that subsequently 
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only the small piston 28 of the hydraulic unit 12 continues 
to be moved and, since the cylinder 37 is axially supported 
via the spindle nut 149, the closing force is produced by 
build-up of pressure in the pressure space 35 via the large 
5 piston 36 of the hydraulic unit 12. 

•During opening of the mold, the hollow shaft 19 rotates 
in the opposite direction, so that the small piston 28 is moved 
back and the pressure in the pressure space 35 is reduced. 
The compression spring 150 pushes the cylinder 37 up to the 
30 piston 36 and the latter up to the restoring disk 29 and resets 
the distance between the cylinder 37 and the spindle nut 149. 
The moment in the screw drive 144, 149 drops, the slip 
clutch 142 engages and the spindle nut 149 is moved back 
via the hollow spindle 143. 

If it is to be possible to be able to stop the spindle nut 149 
irrespective of the increase in the friction moment between 
it and the hollow spindle 143, a brake 150 may be provided 
for the hollow spindle 143, as indicated in FIG. 12. There, 
the flange 145 of the hollow spindle 143 is enlarged outward 
to form a type of brake disk, against which brake shoes 151 
can be pressed. The cylinder 37 of the hydraulic unit 12 can 
then be supported in a position which does not correspond 
to the closing position of the platen 125. 

The exemplary embodiment according to FIG. 13, with 
regard to the fixed supporting plate 140, the spars 124, the 
movable platen 125, is identical to the exemplary embodi- 
ment according to FIG. 12. The electric motor 11 is largely 
the same as the electric motor 11 from FIG. 12 but now again 
has a simple hollow drive shaft 19. Its housing 13, unlike the 
previously shown electric motors 11 from FIGS. 1, 5 and 12, 
is provided with an extension 155 which points toward the 
hydraulic unit 12 and has an external thread 156. The 
construction of the hydraulic unit 12 according to FIG. 13 is 
in principle identical to the construction of the hydraulic unit 
according to FIG. 12. An outer flange 157 of the cylinder 37 
is merely set back slightly relative to an end face of the 
cylinder. 

A rolling-contact thrust bearing 159 is arranged between 
the flange 157 and a plate 158 which is located in front of 
this flange toward the electric motor 11 and is rotatable 
relative to the cylinder 37, via which rolling-contact thrust 
bearing 159 the plate and the cylinder can be supported 
axially against one another. The plate 158 is coupled in the 
direction of rotation to a nut 160 which, with an internal 
thread 161, engages in the external thread 156 of the housing 
extension 155. The two threads 156 and 161 are again 
formed so as to be self-locking. Secured axially in position 
between the nut 160 and the plate 158 is a compression 
spring which has the same function as the compression 
spring 150 from FIG. 12 and is therefore likewise provided 
with the designation 150. This compression spring attempts 
to hold the plate 158 at a small axial distance of a few tenths 
of a mm from the nut 160. For the rotary driving, the nut 
160, with individual claws, engages in the plate 158, the 
axial distance also existing between the claws and the plate 
158. The nut 160 is provided on the outside with a tooth 
system, with which it meshes with a gear 162 which can be 
driven by a second, smaller electric motor 163. The electric 
motor 163 is arranged in a fixed position. The gear 162 has 
the appropriate axial length, so that it remains in engagement 
with the nut 160 within the entire range of movement of the 
latter. 

During the closing of the mold, the electric motor 11 and 
the electric motor 163 are driven at such rotational speeds 
that the spindle 25 and the nut 160 move forward with the 
same axial speed. The small distance between the nut 160 
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and the plate 158 ensures that the hydraulic unit 12 is not 
loaded via the nut 160 and possible jamming of the drives 
does not occur. Since the rotational speeds of the electric 
motors 11 and 163 are selectable, the threads 156 and 161 
need not have the same pitch as the external thread on the 5 
stroke spindle 25 and the internal thread on the hollow shaft 
19 of the electric motor 11. Otherwise, the sequence of 
movement in the exemplary embodiment according to FIG. 
13 is the same as in that according to FIG. 12, so that 
reference shall be made here only to the corresponding parts 10 
of the description. 

There are also two electric motors in the exemplary 
embodiment according to FIG. 14 in order to drive, firstly, 
a stroke spindle 25 which has a section constituting the small 
piston 28 of the hydraulic unit 12 and an axial stop for the 15 
cylinder 37 of the hydraulic unit 12. In a different manner 
from that shown previously, the electric motor 170 for the 
drive of the recirculating ball spindle 25 is now arranged in 
a fixed position eccentrically to the latter and drives a 
spindle nut 172 via a pinion 171, this spindle nut 172 having 
an internal thread which is in engagement with the thread of 
the screw spindle 25 via balls 28. To this extent, the spindle 
nut 172 fulfills the function of the hollow shaft 19 of 
exemplary embodiments already described and, like the 
latter, is also axially supported via a rolling-contact bearing 
147, 

A hollow spindle 174 is rotatably mounted on the spindle 
nut 172 via radial bearings 173. This hollow-spindle is 
supported axially on the spindle nut 172 via a rolling-contact 
thrust bearing 175 and maintains its axial position during 
operation. It is provided in sections on the outside with a 
tooth system 176, with which it meshes with a pinion 162 
which can be driven by the electric motor 163. In addition, 
the hollow spindle 174 is provided on the outside in sections 
with a trapezoidal thread 144, with which it engages in a 
trapezoidal thread 148 on the inside on a hollow body 177 
formed in one piece with the cylinder 37 of the hydraulic 
unit. The engagement of the threads 144 and 148 is again 
self-locking. 

With regard to the large piston 36, the helical compression 
spring 60 and the engagement of a restoring plate 29 of the 
small piston 28 on individual inwardly projecting claws 178 
of the large piston 36, the exemplary embodiment according 
to FIG. 14 is identical to that according to FIG. 11. 

In the exemplary embodiment according to FIG. 14, in 
order to close the mold, the two electric motors 163 and 170 
are operated at such rotational speeds that the rate of motion 
imposed on the cylinder 37 via the stroke spindle 25 is 
identical to that which results from the rotation of the hollow 
spindle 174 relative to the hollow body 177, which is guided 
longitudinally in a rotationally locked manner with the 
cylinder 37. In this case, there is certain play in the threads 
144 and 148, which has the function of the axial distance 
between the spindle nut 149 and the cylinder 37 in the 
exemplary embodiment according to FIG. 12 and between 
the nut 160 and the plate 158 in the exemplary embodiment 
according to FIG. 13. The hollow spindle 147 is thus only 
freely rotated by the electric motor 163. 

To close the mold, the electric motor 170 drives the 
spindle nut 172, so that the spindle 25 and with it the large 
piston 36 and, carried along via the helical compression 
spring 60, the cylinder 37 travel in the closing direction. The 
electric motor 163 is driven in such a way that the movement 
of the cylinder 37 is not impaired by the rotation of the 
hollow spindle 174. If the mold is closed, the electric motor 
163 is stopped, and the cylinder 37, via the thread turns still 
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in engagement, is supported on the hollow spindle 174 and 
via the latter is supported on the frame of the machine via the 
rolling-contact bearing 175, the spindle nut 172 and the 
rolling-contact bearing 147 when the high locking pressure 
is built up by further plunging of the small piston 28 into the 
pressure space 35. 

During the opening of the mold, first of all the pressure in 
the pressure space 35 is reduced by retraction of the small 
piston 28, so that the piston 28 again moves up to the 
cylinder 37 and carries the latter along to the rear. The 
electric motor 163 is driven in the opposite direction com- 
pared with the closing of the mold and freely rotates the 
hollow spindle 174 with it. 

The exemplary embodiment according to FIG. 15, in the 
construction of the cylinder 37 of the hydraulic unit 12, is 
similar to the exemplary embodiment according to FIG. 7. 
The cylinder 37 has a base 38, a flange 40 and an inner tube 
94, which runs between these two parts and which has a 
large wall thickness and is accordingly dimensionally stable, 
and a thin-walled outer tube 92 surrounding the tube 94. The 
base 38 and flange 40 overlap the end faces of both the tube 
94, to which they are firmly screwed with machine screws, 
and the tube 42, which is held axially free of clearance 
between base and flange. Axially within two radial seals 
which are arranged close to the base and flange between the 
two tubes 92 and 94, there is a small distance between the 
two tubes which has produced an annular admission space 
183. 

According to FIG. 15, the large piston 36 is formed as a 
stepped piston and is axially guided in the tube 94 approxi- 
mately in the center of its longitudinal extent at the section 
181 having the large diameter. With the section 182 of 
smaller diameter, the piston 36 projects from the cylinder 37 
through the flange 4ti. The piston 36 may also be axially 
guided at the section 182, for example on the flange 40. A 
helical compression spring 60 is secured in position at the 
step between the two sections 181 and 182 of the piston 36, 
on the one hand, and at an inner collar of the rube 94 of the 
cylinder 37, on the other hand, this helical compression 
spring 60 loading the piston 36 and the cylinder 37 for 
retracting the piston 36 into the cylinder 37. The space in 
which the spring 60 is located is open to the atmosphere. 
Close to the step, in addition to the guidance point, a sealing 
point is also located between the section 181 of the piston 36 
and the tube 94 of the cylinder 37. In front of the guidance 
and sealing point, the section 181 of the piston 36 is turned 
down slightly on the outside up to the end face 184 facing 
the base 38 of the cylinder 37. The annular space which is 
produced as a result is part of the pressure space 35. Leading 
through the tube 94 are radial holes 98, via which the 
admission space 183 is fluidically connected to said annular 
space and thus to the pressure space 35. 

The small piston 28 of the power transmission means 12 
enters the pressure space 35 through a guide and sealing 
bush 185 inserted into the base 38 of the cylinder 37 and 
projects into the piston 36. In the latter, the small piston 28 
first of all crosses a cavity (clutch space) 186 of circular- 
cylindrical cross section before it plunges into a blind hole 
56 starting from the cavity. The blind hole 56, via passages 
187 in the piston 36, which open freely into said blind hole 
56 irrespective of the relative position of the two pistons, is 
connected to the outer annular space at the section 181 and 
thus to part of the pressure space 35. Inside the clutch space 
186, the cross-sectional area of which is substantially larger 
than the cross-sectional area of the piston 28 and which is 
sealed off both toward the space in front of the end face 184 
of the piston 36 and toward the blind hole 56 in each case 
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by a seal between the pistons 28 and 36, the piston 28 carries Also in the exemplary embodiment according to FIG. 16, 

a separating disk 188 which divides the clutch space 186 into the cylinder 37 of the power transmission means 12 has a 

two sectional spaces sealed off from one another. Two check base 38, a flange 40 and an inner dimensionally stable tube 

valves 189 and 190 used as clamping valves are inserted into 94 running between these two parts and a thin-walled outer 

the separating disk in an antiparallel arrangement, the clos- 5 rube 92 surrounding the tube 94. Unlike in the exemplary 

ing springs of these check valves 189 and 190 being pre- embodiment according to FIG. 15, however, the tube 92 

loaded to a pressure of, for example, up to 20 bar. The does not itself bear directly against the wall of the machine 

preloading of the two closing springs is different. The small frame 10. Rather, the tube 92 is surrounded on the outside 

piston 28 has the same diameter on both sides of the by a plurality of individual brake rods 196 which, when 

separating disk 188, so that, with the separating disk 188 1Q resting on the relieved tube 92, complement one another to 

included, it forms with the large piston a type of synchro- form a closed ring and which are overlapped radially by the 

nous cylinder. The parts just described form a hydraulic slip base 38 and the flange 40 and are held axially between base 

clutch 180 which firmly couples the two pistons to one and flan g e with slight play which permits their free mobility 

another up to a certain force to be transmitted, which is in the radial direction. Each brake rod 196 is provided with 

different in the opposed directions. a brake linin g 197 on ^ outside. In the relieved state of the 

Also in the exemplary embodiment according to FIG. 15, 15 tube , 92 ' * e br ^ r ods are at a d^tance from the wall ^of the 

*u _ 11 • * ">o- «■ c 4. 1 • ji -iff u- l machine frame 10. Again located between the tubes 92 and 

the small piston 28 is a section of a stroke spindle 25 which nA - „, n j • • *<y, l- i_ * a « 

. , t , r . . . 4 . rf-n . 1 . ,f . 4 . ■ . iL 94 is the annular admission space 183, which is fluidically 

is locked against ^rotation Ine stroke spindle mteracts with corintctQA t0 ^ re s £ ace 35 via radial holes 9 £ 

a spindle nut 192 mounted on the machine frame 10 mde- mnnin tfa h the mbe 94 / 

pendently of the electee motor 11. The electric motor 11 is 20 c ed ^ the presentation according to FIG. 15, 

a conventional vanable-speed motor, is fastened to the the ^ istQn 36 is de £ cted in sH hd mo * detail ff0m 

machine frame outside the axis of the stroke spindle 25 and tfae design point of view m na 16. A two-piece construc- 

dnves the spindle nut 192 via a belt 193. don of me piston 36 can be ^ ^ FIG< 16> the one part 182 

In FIG. 15, the hydraulic unit is shown in a state in which having essentially a small diameter and emerging outward 

the mold of an injection molding machine for plastics is 2 $ through the flange 40, and the other part 181 with the larger 

completely open. The large piston 36, with its end face 184, diameter serving to guide the piston and seal off the pressure 

is located at the base 38 of the cylinder 37 preferably via space 35. A helical compression spring 60 is again secured 

short spacers. The small piston 28 assumes a position in in position between the piston 36 and the cylinder 37. 

which the separating disk 188 is located at the end of the Like the piston 36 from FIG. 15, the piston 36 of the 

clutch space 186. If the mold is now to be closed, the small 30 exemplary embodiment according to FIG. 16 also has in the 

piston 28 and with it the separating disk 188 are moved to interior a cavity (clutch space) 186 which accommodates a 

the right in the view according to FIG. 15 by appropriate coupling device 195 for coupling the two pistons 36 and 28. 

activation of the electric motor 11. The movement of the This coupling device is an electromagnetically actuated 

separating disk, via the pressure fluid in the clutch space clutch, the electric coil 198 of which is accommodated by an 

186, this pressure fluid being prestressed to a certain 35 annular groove 199 which is open toward the space 186 and 

pressure, is transmitted directly to the large piston 36 and is sunk into that wali of the piston 36 which closes off the 

thus to the movable platen. The large piston 36 also carries clutch space 186 toward the base 38 of the cylinder 37. The 

along the cylinder 37 via the helical compression spring 60. clutch space 186 is connected to the atmosphere via holes 

The pressure in the pressure space 35 does not change. 200 and the space accommodating the spring 60. 

Once the mold has finally been closed, a high resistance 40 The small piston 28, with a certain diameter, enters the 

opposes the further movement of the large piston 36. The pressure space 35 in a sealed-off manner through the base 38 

piston 28, on the other hand, continues to move and plunges of the cylinder 37. Its cross section is reduced therein in a 

deeper into the blind hole 56, from which pressure fluid is step 201, following which is a piston extension 202 of 

displaced via the passages 187. As a result, the pressure in smaller diameter. After crossing a blind hole 56 of the piston 

the pressure space 35 increases. First of all, the helical 45 36, this blind hole 36 being open toward the base 38 of the 

compression spring 60, preloaded to an appropriately high cylinder 37 and its diameter being so large that the piston 28 

degree, still prevents the cylinder 37 from giving way to the can plunge into it with its larger diameter, the piston 

left. Finally, by further pressure increase in the pressure extension 202 enters the clutch space 186 in a sealed-off 

space 35, the outer tube 92 is widened, so that it abuts manner. Inside this space, an armature plate 203 of the clutch 

against the wall of the bore 9 on the inside. The cylinder 37 50 195 is fastened to the piston extension. The yoke of the 

is then held by clamping in the bore 9, so that, by further electromagnetic clutch 195 is formed by the one part of the 

movement of the small piston 28, the pressure in the piston 36. 

pressure space 35 can be increased further in order to exert In FIG. 16, the hydraulic unit is shown in a state in which 

a high locking force for the mold. During the movement of the mold of an injection molding machine for plastics is 

the piston 28 relative to the piston 36, pressure fluid, via the 55 completely open. The large piston 36, with its end face 184, 

one check valve 189, flows over from a (first) sectional is located at the base 38 of the cylinder 37 via short spacers, 

space into the other (second) sectional space of the clutch The small piston 28 assumes a position in which the arma- 

space 186. ture plate 203 is located at the yoke. If the mold is now to 

To open the mold, the electric motor 11 is driven in the be closed, the coil 198 is energized, that is to say the clutch 

opposite rotary direction, so that the piston 28, as viewed 60 195 comes into effect and the small piston 28 is moved to the 

according to FIG. 15, moves to the left. The check valve 190 right in the view according to FIG. 16 by appropriate 

is only slightly preloaded and opens, so that pressure fluid activation of the electric motor 11. Via the armature plate 

can flow back inside the clutch space 186 from the second 203, the large piston 36 is carried along synchronously and 

sectional space into the first sectional space. The pressure in thus the movable platen is moved. The large piston 36 also 

the pressure space 35 is reduced. Finally, the piston 28 65 carries along the cylinder 37 via the helical compression 

carries along the piston 36 and the latter carries along the spring 60. The pressure in the pressure space 35 does not 

cylinder 37 in the opening direction of the mold. change. 
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Once the mold has finally been closed, a high resistance from the point of view that it can transmit the force required 
opposes the further movement of the large piston 36. The for carrying along the cylinder 37 by the piston 36 as far as 
coil 198 is de-energized. The piston 28 continues to move possible without said spring having to be compressed fur- 
and plunges deeper into the blind hole 56 and displaces ther. The cylinder 37 then follows the piston 36 directly. It 

pressure fluid with its annular surface 201. As a result, the 5 » men also conceivable to initially lock the cylinder with the 

pressure in the pressure space 35 increases. First of all, the brake shoes 211 and a relatively low external pressure and 
helical compression spring 60, preloaded to an appropriately primarily by admission of pressure to the tube 92 after a 

high degree, still prevents the cylinder 37 from giving way P ressure mcrease m the P ressure s P ace 35 - 

to the left. Finally, by further pressure increase in the In addition, when the brake shoes 211 are to be 

pressure space 35, the outer tube 92 is widened, so that the 10 ^operative, the valve 218 is operated, as shown in FIG. 19. 

brake rods 196 abut on the inside against the wall of the bore ™ e P re f ure * . me low-pressure accumulator is slightly 

9. The cylinder 37 is then held by clamping in the bore 9, and above atmosphenc pressure so that he brake shoes bear 

iL ' . ■ *i» i_ ■ , n V, against the envelope 220 with a fairly low force. In order to 

the pressure in the pressure space 35 can be increased further & .« « t u *ni • ♦ *u i- a it *u i 

. K * r ii • i j , « press the brake shoes 211 against the cylinder 37, the valve 

by further movement of the small piston 28, so that the v, 0 . , . . , . . 3 , \ . 

, «. c . , A . 9 , , „ 218 is put into the shut-off position and the valve 217 is 

preloading force of the spring 60 is overcome and the high 15 J r rr « r 4 . 4 . , - A . 

locking force for the mold is built up. °P ened - ™ e com P fl ressi ° n <W ^ ed for the pressure 

r mcrease can now now from the hydraulic accumulator 216 

To open the mold, the electric motor 11 is driven in the toward me adrnission sp &CGS i 83 behind t he brake shoes 

opposite rotary direction, so that the piston 28, as viewed 2 11 The brake acts very quickly 

according to FIG. 16, moves to the left. In the process the ^ driye deyice accofdi tQ F , G 19 is iall 

piston 36 is also earned along without engaged clutch 195. 20 ^ Ejection-compression molding " In this case? a 

The exemplary embodiment according to FIG. 19 is movable platen is moved up close to a fixed platen by the 

completely identical to the exemplary embodiment accord- piston 28 being moved when the clutch 195 is effective. The 

ing to FIG. 16 insofar as this has just been described. To this cylinder 37 is then locked by admission of pressure to the 

extent, therefore, the same designations have been entered brake shoes 211. A molding compound is then injected 

without the description being repeated here. 2 between the two mold hajves, the piston 36 being supported 

Unlike the exemplary embodiment according to FIG. 16, by bearing against the base 38 of the cylinder 37 and by the 

the cylinder 37 of the hydraulic unit 12 in that according to latter being locked directly on the machine frame 10. To 

FIG. 19 can also be locked without a resistance which compress the injected molding compound, the small piston 

opposes the movement of the large piston 36. To this end, the 3Q 28, with clutch 195 released, is moved further and as a result 

machine frame has individual radial openings 210 which are the large piston 36 is moved together with the movable 

distributed over the periphery of the bore 9 and open into the platen until coming to bear against the fixed platen, in the 

latter and into which brake shoes 211 which can be loaded course of which the pressure in the pressure space 35 can be 

hydraulically toward the inside are inserted. On the outside, built up to a desired value. 

each opening 210 is closed by a cap 212 having a central 35 From the design point of view, the exemplary embodi- 

connection hole 213. Via the latter, external pressure fluid, ment according to FIG. 20 is largely identical to the exem- 

that is pressure fluid which is not exchanged with the plary embodiment according to FIG. 16 insofar as this has 

pressure space 35, can pass into the admission spaces 183 been described above. To this extent, therefore, the same 

between the brake shoes and the caps and flow off from reference numbers are entered without the description being 

there. The hydraulic circuit for the pressure-medium supply ^ repeated here. 

of the brake shoes 211 is a closed circuit and comprises a The difference consists in the fact that, in the exemplary 

hydraulic pump 214 of constant stroke volume, which can be embodiment according to FIG. 20, there are no radial holes 

driven by a small electric motor 209, a low-pressure hydrau- 9$ passing through the tube 94, and external pressure 

lie accumulator 215 in a low-pressure branch and a high- medium can be fed to the annular admission space 183 

pressure hydraulic accumulator 216 in a high-pressure 45 between the two tubes 92 and 94 via a connection passage 

branch of the circuit. The high-pressure branch, via a 2/2- 221 leading outward through the tube 94 and the base 38. 

way directional seat valve 217, and the low-pressure branch, The hydraulic circuit for the pressure loading and relief of 

via a 2/2-way directional seat valve 218, can be connected me admission space 183 is constructed in exactly the same 

to the admission spaces 183 or can be shut off from the latter. wav as in the exemplary embodiment according to FIG. 19 

The two valves 217 and 218 are each actuated by an 5Q and comprises the hydraulic pump 214, which can be driven 

electromagnet. Arranged between the hydraulic accumulator by the electric motor 209, the hydraulic accumulators 215 

216 and the hydraulic pump 214 is a check valve 219 and 216 and also the valves 217, 218 and 219. These 

shutting off toward the latter, so that the hydraulic accumu- components are not fastened to the machine frame 10 but are 

lator 216 does not discharge via the hydraulic pump when now fastened to the cylinder 37, so that fixed bores or fixed 

the latter is stopped. The hydraulic components 214, 215, 55 mbmg can be provided for the fluid paths of the circuit. 

216, 217, 218 and 219 are located in a fixed position on the The functioning of the exemplary embodiment according 

machine frame 10. {0 mG 2 q corresponds to that of the exemplary embodiment 

The cylinder 37 has a base 38 enlarged like a pot and according to FIG. 19, it being possible for a spring 60 

having an envelope 220 which is so long that the brake shoes subjected to relatively low preloading to be used again, since 

211 can be pressed against it within the range of movement 60 the pressure in the admission space 183 is built up indepen- 

provided in every position of the cylinder. dently of the spring force. 

The exemplary embodiment according to FIG. 19 func- The construction of the exemplary embodiment according 

tions in exactly the same way as that according to FIG. 16. to FIG. 21, with regard to the clamping of the cylinder 37, 

However, the cylinder 37 can be locked at any desired point is identical to the exemplary embodiment according to FIG. 

even without a motion resistance for the large piston 36 . 65 16, so that the description in this respect can be dispensed 

Because no pressure is required in the pressure space 35 for with here. However, the corresponding designations are 

locking the cylinder 37, the spring can be preloaded solely entered in FIG. 21. 



US 6,935,111 B2 

29 30 

Also in the exemplary embodiment according to FIG. 21, arranged axially next to the hydraulic unit 12 and in front of 
as in that according to FIG. 16, a small piston, which is the small piston, but now extends from an outer circular- 
designated by 228 on account of the completely different cylindrical drive stub 243, which passes with an interference 
configuration from the exemplary embodiment according to fit through the rolling-contact bearing 242 and projects 
FIG. 16, and the large piston 36 may be directly coupled to 5 outward beyond the flange 241, through the hollow small 
one another via an electromagnetically actuable clutch 195 piston 228 and the hollow large piston 36 up to the other end 
which islocated in a cavity (clutch space) 186 of the large of the mbe 240 The stroke spindle 25, starting from a point 
piston. The electric coil 198 is again accommodated by an dose tQ , he fl 241 and extending up t0 the other end is 
annular groove which is open toward the space 186 and is ^ ^ , recirculating ball SCKWi in which balls ^ 
sunk m that end wall of ±e piston 36 which closes off the m a , which 0Q ^ Qther hand aho fa ^ ^ of 
clutch space 186 toward the base 38 of the cylinder 37. The ^ jndle m ^ forme(J ag a recirculati ball sleeve ^ 
arge jnston 36, with a piston rod 42 which is smaller than stroke ^ 25 cannot moye ^ but can on , be drjven 
the effective piston diameter and whose ength is matched to fa , rotationa , manner Tq ^ end a t0Qthed disk 244 fc 
the s roke required for closing the mold, of the hydraulic festened tQ the dfive stub 243 and ^ toothed disk 244 js 
unit 12 and which is fastened to the movable platen (not , 5 kd ^ a , 00thed bdt246 tQ a , 00thed disk247 
shown) emerges from the cylmder 37 through the flange 40 fastened tQ the driye shaft 245 of an electric motor u ^ 
of the latter. The piston rod is hollow throughout from its electric motQr u fc locate(J ou(side ^ mbe 240on me saffle 
outer end right into the clutch space 186, the cavity being side of the , oothed djsks 244 and 24? as me mbe and k 

designated by 231 and being essentially circular in cross connected to the latter by a fastening flange 248, put onto the 

section A narrow groove 232 runs axia ly along merely in 2Q fl 241 and hef ^ ^ fl M1 , 0 ^ 

the wall ot me cavity. J he chitch space 186 is connected to mbe 240 tQ form 

a construction unit. 

atmosphere via the cavity 231. , , , , , 

rp, n • m a *• 11 c *u It may also be mentioned that, in the exemplary embodi- 

The small piston 228 is composed essentially of three ^ , . , r . 

uiij-i uuuj-* j- i it coent according to FIG. 21, the helical compression spnng 

hollow disk- or bush-shaped parts and is very short overall. ^ Af j- i , . f 5 

a<3 *u uiii- -J / .I . . -,. . . , 60 from the preceding exemplary embodiments is replaced 

A first bush 233 is guided with a certain diameter in the base ^ ^ ^ n stack 60 

38 of the cylinder 37 in such a way as to be sealed off to the ^ a ^ ^ nn ^ s ac 

outside. The cross section of the bush 233 decreases in a step In addition, it is also indicated in FIG. 21 that the power 

or annular surface 201 which, in the state shown in FIG. 21 su PP ] y to the 0011 198 is effect ed via a bore in the base of the 

and corresponding to an open injection mold, is located P^ 00 36 > a ^ 249 bridging the clutch space 186 outside 

inside the base 38 and, depending on the travel of the small 30 the armature 203, a further bore in the piston 36, an annular 

piston relative to the large piston during the build-up of the s P ace between the piston 36 and the cylinder 37, a bore in 

locking force, remains in the base or emerges more or less the cylinder 37 and an axial bore through the flange 40. 

from the base. The respectively free annular space in front In FIG. 21, the hydraulic unit is shown in a state in which 

of the annular surface 201 is part of the pressure space 35 the mold of an injection molding machine for plastics is 

defined by the two pistons and the cylinder. With the smaller 35 completely open. The large piston 36, with its end face 184, 

cross section, the bush 233 enters the clutch space 186 in a is located at the base 38 of the cylinder 37 via short spacers, 

sealed-off manner through the above-mentioned end wall of The small piston 228 assumes a position in which the 

the large piston 36 and has an adjoining external thread on armature plate 203 is located at the yoke. If the mold is now 

an extension which is stepped once again. to be closed, the coil 198 is energized, that is to say the 

Asecond bush 234 of the piston 228 is formed as a spindle 40 clutch 195 is engaged. The electric motor 11 rotates the 

nut and is guided in an axially displaceable manner in the stroke spindle 25 in such a direction that the recirculating 

cavity 231 of the large piston 36 via a plain bearing 235. In bal1 sleeve 234 and tnus tne entire sma11 P^on 228 is moved 

the state of the hydraulic unit 12 according to FIG. 21, the t0 tne ri ght in the view according to FIG. 21. Via the 

spindle nut 234 is located at that end of the cavity 231 which armature plate 203, the large piston 36 is carried along 

opens into the clutch space 186. Toward the part 233, the 45 synchronously and thus the movable platen is moved. The 

spindle nut 234 has an extension which is provided with an Ia rge piston 36 also carries along the cylinder 37 via the disk 

internal thread and with which it is screwed to the bush 233. spring stack 60. The pressure in the pressure space 35 does 

A disk 203, as a third part of the piston 228, is clamped in not change. 

place axially between the extension of the spindle nut 234 Once the mold has finally been closed, a high resistance 

and the bush 233, this disk 203 extending radially beyond 50 opposes the further movement of the large piston 36. The 

the coil 198 and forming the armature of the clutch 195. coil 198 is de-energized. The piston 228 continues to move 

With a radially projecting nose 236, the spindle nut 234 and displaces pressure fluid with its annular surface 201. As 

engages in the groove 232 of the piston 36, so that the small a result, the pressure in the pressure space 35 increases. First 

piston 228 cannot be rotated relative to the large piston 36. of all, the disk spring stack 60, preloaded to an appropriately 

Since, on the other hand, the large piston is locked against 55 high degree, still prevents the cylinder 37 from giving way 

rotation by the connection to the movable platen, the small to the left. Finally, by further pressure increase in the 

piston 228 cannot rotate either. The clutch space 186 may be pressure space 35, the outer tube 92 is widened, so that the 

connected to atmosphere by, for example, a hole in the nose brake rods 196 abut on the inside against the tube 240. The 

236. cylinder 37 is then held by clamping in the tube 240, and the 

The hydraulic unit 12 is located in a tube 240 which is 60 pressure in the pressure space 35 can be increased further by 

closed on both sides by a respective flange 241. Only the further movement of the small piston 228, so that the 

flange 241 toward which the base 38 of the cylinder 37 faces preloading force of the disk spring stack 60 is overcome and 

is shown in FIG. 21. The piston rod 42 can emerge from the the high locking force for the mold is built up. 

tube 240 through the other flange. A rolling-contact bearing To open the mold, the electric motor 11 is driven in the 

242 is inserted into a central passage of the flange 241. 65 opposite rotary direction, so that the piston 228, as viewed 

In a completely different manner from the exemplary according to FIG. 21, moves to the left. In the process, the 

embodiments described hitherto, the stroke spindle 25 is not piston 36 is also carried along without engaged clutch 195. 
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The construction of the exemplary embodiment according the spindle nut 253 is then coupled to the cylinder 37 of the 
to FIG. 22, with regard to the clamping of the cylinder 37 hydraulic unit 12. 

and the arrangement of the screw spindle 25, the hydraulic ]n the exemplary embo diment according to FIG. 22, the 
unit 12 and the electnc motor 11 is identical to the oon- end f ^ yie 25 ^ M ^ , 

struction of the exemplary embodiment according to FIG. c . i * if- i. • ♦ c «• 

21, so that a description in.this respect can be dispensed with 5 bea " n f ,} 0Urnal lf' 0nXo wh ! cb the ™".™« of * rolhng- 
here. However, the corresponding designations^ entered 1:011 act beann S 270 » J"?** 6 : ™ e °^ ter rm 8 of the 
in FIG. 22. The exemplary embodiment according to FIG. ™ at ? ct beann « ^guided longitudmally in the cavity 231 of 
22 is described below essentially only with regard to the ' he Ff ton 36 and is locked against rotat.on. By the 
differences from the exemplary embodiment according to 10 bea / 1 °« 270 ' wobbll,1 S m ^ements of the screw spindle 25 
Pjq 21 iU and thus accompanying alternating loading of the screw 

There is a spindle nut in the form of a recirculating ball ^rivs are avoided, 

sleeve 253, which is located in a central passage of the In mG ^ the hydraulic unit 12 is shown in a state in 

cylinder flange 38 and is provided with an outer shoulder which the mold of an ejection molding machine for plastics 

254 in front of this flange 38. On the flange side, a hardened 15 ? completely open. The large piston 36 is located at the 

supporting disk 255 rests on the outer shoulder 254, and flan ^ e 38 of the cylinder 37. The little pistons 256 assume a 

supported on said supporting disk 255 at equal angular P 0Sltl0n ™ which the armature plate 203 is located at the 

distances apart are a plurality of little pistons 256, which are voke disk 267 ' If the mold 15 now to be closed > me coil 198 

guided axially in holes, open toward the pressure space 35, 18 ener S^ d > that is to say the clutch 195 is engaged. The 

of the flange 38, are pressed against the disk 255 by springs 20 elec tnc motor 11 rotates the stroke spindle 25 in such a 

(not shown in any more detail in FIG. 22) and form in their Action that the recirculating ball sleeve 253 and thus the 

entirety the small piston of the hydraulic unit 12. The Uttle ^ tons 256 are moved to tne ri S ht in the view accord " 

pressure space 35, in the exemplary embodiment according ln S to FTG - 22 ' Via the armature P late 203 > the cylinder 37 

to FIG. 22, comprises an annular sectional space which is and > via the latter ' the lar § e P^ 100 36 are carried alon § 

defined radially on the outside by the cylinder tube 94 25 synchronously and thus the movable platen is moved. In the 

radially on the inside by a collar 257 integrally formed on meantime, the pressure in the pressure space 35 does not 

the flange 38, and axially on the one side by the flange 38 change. 

and on the other side by an annular section 258, plunging in ^ tne mold has finally been closed, a high resistance 

a sealed-off manner between the cylinder wall 94 and the opposes the further movement of the large piston 36. The 

collar 257, of the large piston 36. 30 coil 198 is de-energized. The spindle nut 253 and the little 

Screwed into the cylinder flange 38 from outside is a V^ons 256 continue to move and displace pressure fluid. As 

small piston accumulator 260 which has a piston 261 which a result ' the pressure in the pressure space 35 increases. The 

separates a pressure fluid space 262, fluidically connected to P* 100 261 of the P iston accumulator 260 reaches its stop, 

the pressure space 35 through the flange 38, from an air First of ^ the disk sprrog stack 60, preloaded to an 

space 263 connected to atmosphere. Accommodated in the 35 appropriately high degree, still prevents the cylinder 37 from 

air space 263 is a helical compression spring 264 which S^ing wa y to the left - Finallv > b Y farther pressure increase 

loads the piston 261 in the direction for reducing the in the pressure space 35, the outer tube 92 is widened, so that 

pressure fluid space 262. The travel of the piston 261 in the the brake rods 196 abut on the inside against the tube 240. 

direction for increasing the pressure fluid space 262 and for ^ cylinder 37 is then held by clamping in the tube 240, and 

greater loading of the spring 264 is limited by a stop in such 40 the P ressure m me pressure space 35 can be increased further 

a way that a pressure within the range of 5 to 10 bar in the bv filrther movement of the little pistons 256, so that the 

pressure space 35 corresponds to the spring force when the preloading force of the disk spring stack 60 is overcome and 

piston 261 bears against the stop. This pressure is lower than ^ hi S h . l °cking force for the mold is built up. 

the pressure equivalent to the force of the disk spring stack To open the mold, the electric motor 11 is driven in the 

60. With the piston accumulator 260, volumetric changes of 45 opposite rotary direction, so that the spindle nut 253, as 

the pressure fluid located in the pressure space 35 which viewed according to FIG. 22, moves to the left. In the 

accompany temperature changes can be compensated for process, the cylinder 37 and, by the cylinder 37 via the disk 

without a substantial pressure change. On the other hand, if spring stack 60, the large piston 36 are also carried along 

a pressure is to be built up in the pressure space 35 by without engaged clutch 195. The little pistons 256 follow the 

retraction of the little pistons 256, pressure fluid can no 50 supporting plate 253 on account of the springs which load 

longer be displaced into the piston accumulator 260 as soon them. 

as the piston 261 has reached the stop, The idle stroke of the If the one end of the screw spindle 25, as can be seen from 

little pistons 256 which is due to the piston accumulator 260 FIG. 22, is mounted directly in the large piston 36 via a 

is therefore only small. rolling-contact bearing, the large piston 36 and the screw 

Whereas the electromagnetic clutch 195 in the exemplary 55 spindle must be in very precise alignment with one another, 

embodiment according to FIG. 21 is arranged between the which requires high-precision and thus expensive produc- 

spindle nut and the small piston on the one hand and the tion. On the other hand, a type of bearing arrangement 

large piston on the other hand, such a clutch in the exem- according to FIG. 23 permits alignment errors between 

plary embodiment according to FIG. 22 is located between piston 36 and screw spindle 25 but at the same time prevents 

the spindle nut 253 and the small piston 256 on the one hand 60 wobbling movements of the screw spindle. To this end, a 

and the cylinder 37 of the hydraulic unit 12. To this end, a radial movement of the rolling-contact bearing 270 and of 

yoke disk 267 located on the outside of the cylinder flange the spindle end is permitted if the acting transverse force 

38 and having a coil 198 is firmly held on the cylinder 37 at exceeds a certain magnitude. 

a distance from the flange via rods 268. Ah armature plate According to FIG. 23, the outer ring 271 of the rolling- 

203, which is fastened to the spindle nut 253, is located 65 contact bearing 270 is pressed into a bush 272, the outside 

between the yoke disk 267 and the flange 38 and is firmly diameter of which is smaller than the diameter of the cavity 

held on the yoke disk when the coil 198 is energized, so that 231 and which, with an inner collar 273, is located axially 
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between two friction disks 274 and 275. The latter are way as the exemplary embodiments according to FIGS. 16, 

guided one inside the other and are loaded toward one 19, 20, 21, 22 and 24, having an inner dimensionally stable 

another by a spring 276 secured in position between them, tube 94 and a thin-walled outer tube 92 surrounding the tube 

so that the inner collar 273 of the bush 272 is clamped in 94. The tube 92 is surrounded on the outside by a plurality 

place with a certain force between the two friction disks. The 5 of individual brake rods 196 which, when resting on the 

friction disk 274 is guided longitudinally in the piston 36 relieved tube 92, complement one another to form' a closed 

with tight radial clearance and is locked against rotation in ring and which are overlapped by two annular disks 288 and 

the process. 289, which are screwed onto the end faces of the tube 94, 

Small forces which could be the cause of a wobbling and are held axially between the two annular disks with 

movement while the screw spindle is being rotated cannot 1Q slight play which permits their free mobility in the radial 

overcome the friction forces acting between the bush 272 direction. Again located between the tubes 92 and 94 is the 

and the friction disks 274 and 275, so that, to this extent, the annular admission space 183, which is fluidically connected 

end of the screw spindle 25 is kept steady and the type of to the pressure space 35 via holes 98 running through the 

bearing arrangement is that of a fixed bearing. However, an tube 94. 

alignment error between the screw spindle 25 and the large The yoke disk 267 is inserted into the tube 94 at its one 

piston 36, which alignment error will also change with a 15 end face and is screwed to this tube. At an axial distance 

change in the relative position of the large piston relative to from the yoke disk 267, an inner flange is formed in one 

the screw spindle during a working cycle, causes transverse piece with the tube 94, this inner flange corresponding in its 

forces between the friction partners 272, 274 and 275 which function to the cylinder base 38 of the exemplary embodi- 

exceed the friction forces and lead to a change in position ment according to FIG. 22 and therefore being provided with 

between the bush 272 on the one hand and the friction disks 20 the same designation. The inner flange 38 is set back slightly 

274 and 275 on the other hand, so that the bending stress, relative to the one end face of the tube 94. With its outer 

caused by the alignment error, of the screw spindle 25 and margin, an annular diaphragm 290 is fastened to the annular 

the stress of their bearings remains limited. disk 289 screwed onto said end face, this annular diaphragm 

The exemplary embodiment according to FIG. 24, with 290, at its inner margin, being fastened axially to the outer 

regard to its mechanical construction, corresponds entirely 25 collar of a collar bush 291. The annular diaphragm is made 

to the exemplary embodiment according to FIG. 16. of a high-grade steel. It forms the large piston of the 

Therefore, all the designations from FIG. 16 are found in hydraulic unit 12 and, together with its intermediate part 287 

FIG. 24. Otherwise, reference is made to the corresponding and the small piston, it encloses the essentially annular 

parts of the description. pressure space 35. 

Additional components in the exemplary embodiment 30 To seal off the pressure space 35 to the outside, a seal 292 

according to FIG. 24 are a hydraulic accumulator 280, which is first of all inserted between the annular diaphragm 290 and 

may be, for example, a piston accumulator or a bubble the annular disk 289. Furthermore, a seal, to be precise a 

accumulator and is designed for a low pressure within a gasket, is also located between the outer collar of the bush 

range of between 5 and 10 bar, and a 2/2-way directional 291 and the annular diaphragm. A seal is of course also 

seat valve 281, with which a fluid connection between the 35 provided between the tube 94 and the annular disk 289, even 

hydraulic accumulator 280 and the pressure space 35 can be if this is not shown in any more detail. Serving to provide a 

controlled. In an off position of the valve 281, the fluid seal between the bush 291 and the inner flange 38 is an 

connection is shut off. By energizing an electromagnet 282, arrangement of two further metallic annular sealing dia- 

the valve 281 is brought into a straight-through position, so phragms 294 and 295, of which the sealing diaphragm 294, 

that a fluid exchange can take place between the hydraulic 40 with its inner margin, is clamped in place between the gasket 

accumulator 280 and the pressure space 35. The electro- referred to and the outer collar of the bush 291. The other 

magnet is in each case activated in parallel with the elec- sealing diaphragm 295 is fastened at its inner margin to the 

tromagnetic clutch 195, as indicated by the common elec- inner flange 38 with a clamping ring 296, there being a seal 

trical switch 283. The clutch 195 is actuated during the 297 between the inner flange 38 and the sealing diaphragm 

regulating movement, so that a temperature-induced volu- 45 295. At their outer margins, the two sealing diaphragms are 

metric change in the pressure fluid can be compensated for connected to one another via two outer clamping rings 298 

in each case during this movement. To build up the high and an intermediate ring 299 lying between them, a seal 300 

locking force, the clutch 195 is disengaged and the valve 281 being located between the intermediate ring and each sealing 

is brought into the blocking position. No pressure fluid can diaphragm. The pressure space 35 is therefore sealed off 

now be displaced from the pressure space 35 into the 50 from the space between the two sealing diaphragms 294 and 

hydraulic accumulator 280. The entire travel of the small 295 and thus from the gap, which changes in size during 

piston 28 is used for compressing the pressure fluid located operation, between the bush 291 and the clamping ring 296 

in the pressure space 35. and from the atmosphere. 

The screw spindle 25 also passes through the hydraulic The small piston of the exemplary embodiment according 

unit 12 in the exemplary embodiment according to FIG. 25. 55 to FIG. 25, as in the exemplary embodiment according to 

The screw spindle 25 is in engagement with a spindle nut FIG. 22, is formed by a plurality of little pistons 256 which 

253 which is formed as a recirculating ball sleeve and which, are at the same angular distances from one another and are 

as indicated, has a spherical outer surface and carries on the guided in guide bushes 301 inserted into the inner flange 38 

latter the armature plate 203 of an electromagnetic clutch and projecting beyond the inner flange in the direction of the 

195, this armature plate 203 being complemented radially on 60 armature plate 203. The guide bushes result in a large 

the inside to form a multi-piece cup. The spindle nut and the guidance and sealing length for the little pistons 256. In 

cup are located essentially in a central passage of a yoke disk addition, the bushes 301 serve as guides for compression 

267, in front of one end face of which the armature plate 203 springs 302, of which each is supported on the inner flange 

lies and which accommodates the coil 198 in an annular 38 and via a spring plate 303 on a little piston 256, and the 

groove 199 open axially toward the armature plate. 65 little piston remains in contact with the armature plate 203. 

The yoke disk 267 belongs to an intermediate part 287 of The hydraulic unit 12 of the exemplary embodiment 

the hydraulic unit 12, this intermediate part 287, in the same according to FIG. 26, which is shown in a highly schematic 
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form, is constructed so as to be double-acting inasmuch as In FIG. 26, the hydraulic unit 12 is shown in a state in 
power transmission in two opposite directions is possible which the mold of an injection molding machine for plastics 
with it. The hydraulic unit has, as intermediate part, a is completely open. The large piston 318 is centered relative 
cylinder 317 which is symmetrical relative to a center radial to the cylinder 317 by the springs 324. The small piston 334 

plane and has two inner flanges 38 and 40 at a distance from 5 assumes a central position relative to the large piston 318 in 

the two end faces of a dimensionally stable cylinder tube 94. which the armature plate 203 is located at the outer shoulder 
The space between the two inner flanges is divided axially 342 and at the end face 345 of the large piston. If the mold 

by a piston collar 319 of the large piston 318 into two is now to be closed, the coil 198 is energized, that is to say 

annular spaces 320 and 321 which are each part of a pressure the clutch 195 is engaged, and the small piston 334 is moved 

space 35. to the right in the view according to FIG. 26 by appropriate 

"Via a check valve 316 which can be opened by pilot activation of the electric motor (not shown). Via the arma- 

control in a manner not shown in any more detail, each ture plate 203, the large piston 318 is carried along synchro - 

sectional space 320, 321 can be connected to the clearance nously and thus the movable platen fastened to the large 

space 183 which exists between the dimensionally stable piston is moved. The large piston 318 also carries along the 

cylinder tube 94 and the deformable outer tube 92, on the cylinder 37 via the left-hand helical compression spring 324 

outside of which the brake rods 196 are located. in the figure. The pressure in the pressure spaces 35 does not 

The large piston 318 is a synchronous piston with two change, 

piston rods 322 and 323 projecting away from the piston If the mold has been closed? a ^ h resistail ce 

collar 319 on opposite sides and directed outward through ^ forther movement of the large piston 318 . The 

the mner flanges Each piston rod is surrounded by a coil i 98 ^ de ^ ne rgized. The small piston 334 continues to 

preloaded helical compression spring 324 which is 20 • *u j- * a • *tf n i 

supported, on the one side, on a spring pllte 325 which can ™™ m the d *f c * on for reducm 8 the sma11 s * ctl0nal s P ace 

beaf both against a shoulder 326, porting away from the 337 ' *f * 5 esult ' ** P r f sure m the corresponding pressure 

piston collar 319, of the piston rod and against the outer end s P ace 35 increases and, via the one check valve 316, the 

face of an inner flange. The distance between the two pressure in the clearance space 183 also increases. First of 

shoulders 326 on the two piston rods is exactly the same size 25 aU ' * e preloaded left-hand helical compression spring 324 

as the distance between the two outer end faces of the two still prevents the cylinder 317 from giving way to the left, 

inner flanges. On the other side, each helical compression Finally, by further pressure increase in the pressure space 35, 

spring 324 is supported on the corresponding piston rod via the outer tube 92 is widened, so that the brake rods 196 abut 

a spring plate 327 and a snap ring 328. In this way, the on the inside against the wall of the bore 9. The cylinder 37 

cylinder 317 is centered in a center position relative to the 30 is then held by clamping in the bore 9, and the pressure in 

large piston 318 by the helical compression springs 324, as the pressure space 35 can be increased further by further 

long as no force exceeding the preloading of a spring is movement of the small piston 334, so that the preloading 

acting- force of the left-hand helical compression spring 324 is 

The large piston 318 has a circular-cylindrical cavity 332 overcome and the high locking force for the mold is built up. 

which lies with its axis in the axis of the piston and at whose 35 Xo open the mold, for which purpose a relatively high 

two end faces central passages 333, the diameter of which is opening force is now necessary to begin with, the electric 

smaller than the diameter of the cavity 332, lead outward A motor is driven ^ the ite rot ^mcdon, so that the 

small piston 334 of the hydrauhc unit 12 is located in the smaU ^ 33^ as accordi t0 ma 26 moves t0 

cavity *U and in tne passages am and mis small piston the left , whi i e the i arge piston 3i8 

remains in its position. By 

334, with a piston collar 335, divides the cavity 332 into two in 1 * .i_ • « no 

small sectional spaces 336 and 337, of which the one « * e movement of the piston i334 relative to the piston 318, 

sectional space 336, via a fluid path 338 running through the * e sma11 sectI ° aal s P ace 337 1S en ^ ed and th f P"™ m 

large piston 318, is fluidically connected to the sectional the corresponding pressure space 35 is reduced, pie arma- 

space 320 of substantially larger cross section and the mre P Iate 203 a 8 ain t0 tne end face 345 of the lar S e 

sectional space 337, via a fluid path 339, is fluidically P^on 318 - ^ state shown in 26 is achieved again, 

connected to the sectional space 321 of substantially larger 45 The small piston 334 is moved further to the left and as 

cross section at the piston collar 319 of the large piston 318. a result a pressure is built up in the other pressure space 35, 

The sectional spaces connected to one another and the this pressure finally producing a force at the large piston 

corresponding fluid path in each case form a pressure space which is sufficient for opening the mold. While the small 

35. Starting from the piston collar 335 on each side of the piston moves relative to the large piston, the helical com- 

same is a piston rod 340 or 341, respectively, which emerges 50 pression spring 344 is loaded to a greater extent, since its one 

outward through the passage 333. In a manner not shown in end is carried along by the small piston, whereas the other 

any more detail, the piston rod 340 is coupled to a drive end is supported via the armature plate 203 on the static, 

element, for example a screw spindle, which can be moved large piston. If the mold has been opened, the large piston, 

axially in opposite directions by an electric motor. on account of the helical compression spring 344, follows 

The other piston rod 341 has an outer shoulder 342 which 55 the small piston until the armature plate 203 bears against 

points away from the piston collar 335 and from which a the outer shoulder 342. The two pistons are subsequently 

guide and supporting mandrel 343 for a helical compression moved together. Apressure drop in the one pressure space 35 

spring 344 extends and which lies in the plane of the end having the sectional space 320 indicates that the mold has 

face 345 of the piston rod 322 of the large piston 318 when opened. After the mold has opened, the clearance space 183 

the piston collar 335 of the small piston 334 is located 60 is relieved of pressure, so that the cylinder 317 is centered 

centrally in the cavity 337. An annular groove 199 in the end relative to the large piston 318 and is subsequently moved to 

face 345 accommodates the coil 198 of an electromagneti- the left together with the pistons. 

cally actuable clutch 195. The latter also includes an anna- In the exemplary embodiment shown, two pilot-operated 

ture plate 203 which surrounds the mandrel 343 of the piston check valves 316 are provided for the admission of pressure 

rod 341 and is loaded in the direction of the outer shoulder 65 to the clearance space. In order to be able to exert the high 

342 and the end face 345 by the spring 344 supported on the locking force, pressure is applied to the clearance space from 

mandrel 343. the large sectional space 321 via the one check valve. After 
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the molding operation, the check valve is opened by pilot which in FIG. 28 is depicted rotated through 90 degrees 

control, so that, with the drop in the pressure in the sectional relative to FIG. 29 in order to be able to show a plurality of 

space 321 resulting from the movement of the small piston screw spindles in FIG. 28. 

334 to the left, the pressure in the clearance space 183 is also , Q the exemplary embodiment according to FIGS. 30 and 

reduced and the cylinder 317 is centered relative to the large 5 31 the drfve device m [q{ a lura% of ejector ins 4Q8 

piston 318. During the subsequent pressure budd-up m the ^ slider<rank mechanism ^ a sliding body 4U> t0 

large sectional space 320, pressure is also admitted again to , . , . , . AfXO - . , - \ , 

the clearance space 183 via the other check valve and as a whl f the . e J« ctor P ms ^ are fastened f d * hic f h ? S g ^ cA 

result the cylinder 317 is clamped in place again. After the ™ «»> ° f the P* 1 ™ rod ™ d °[ ^ «= rew 

mold has been opened, the check valve is opened by pilot in s P mdle 25 and m the ^xboa of movement of the platen 

control . . . io 401 in an adapter piece 412 attached to the piston rod 42 and 

In a variant, it is also possible for only the one check valve connected to the platen 401. Fastened to an extended motor 

to be provided between the large sectional space 321 and the shaft 413 of an electr,c motor 406 held vertically on the 

clearance space 183. This check valve is not opened until P laten 401 ,s a crank 414 which 1S connected to the sliding 

after the mold has been opened, so that the cylinder remains bod y 411 in an articulated manner via a coupling rod 415. 

clamped in place without interruption from the start of the 15 ^ slidin S bod y 411 the P ins 408 are moved 

locking until after the opening of the mold. forward and backward by rotation of the motor shaft 413 m 

While pressure is being built up in the one pressure space *"? °PP« dte cations. So that the ejector pins do not have 

35 by the movement of the small piston relative to the large !° be «°? lo *&*,* xt ™ h *™ ^[ oi the C0U P hn 8 rod 415 

• ♦ ' • f „ "j „ „ • * • iL _ is sunk in the sliding body 411 and the necessary recesses are 

piston, in order to avoid a vacuum arising in the other , . ■ , . , ■ . . * << * 

™™«. „ _ ->c u ,v „,-„„ui^ * rt _ u „™„. 20 made in the latter m order not to hit the motor shaft, the 

pressure space 35, it is conceivable to connect each pressure ' 

space to a hydraulic accumulator according to the exemplary crank and ±G coupling rod. 

embodiment according to FIG. 22 or the exemplary embodi- The exemplary embodiment according to FIG. 32 has a 
ment according to FIG. 24. It is also conceivable to prestress power transmission means 12 with a cylinder 37 which, in 
the two pressure spaces to equally high pressures, so that, its configuration with the base 38, the flange 40 and the tubes 
during a relative movement between the two pistons, the 94 and 92 > lne clearance space 183 in between and the brake 
pressure in the one pressure space increases and the pressure rods 1 96 > corresponds to the cylinder 37 from FIG. 16. 
in the other pressure space drops, although not below The large piston 36, only schematically shown, has a 
atmospheric pressure. In this case, external admission of piston-rod-like part 182, which is of smaller diameter and 
pressure to the clearance space according to the exemplary 3Q emerges outward through the flange 40, and a piston-collar- 
embodiment according to FIG. 20 appears favorable. like part 181, which is of larger diameter and serves to guide 
In FIGS. 27 to 31, a drive device according to the the piston and seal off the pressure space 35. A helical 
invention constructed in each case in principle like the compression spring 60 is again secured in position between 
exemplary embodiment according to FIG. 22 is supple- the piston 36 and the cylinder 37. 

mented by a purely electromechanical drive device 400 for 35 Like the piston 36 from FIG. 16, the piston 36 of the 

actuating one or more ejectors for the molding. The com- exemplary embodiment according to FIG. 32 also has, in the 

ponents of this drive device are located on the piston rod 42 interior, a cavity (clutch space) 186, which accommodates a 

of the large piston 36 and on the movable platen 401, which coupling device 180 for coupling the two pistons 36 and 28. 

forms a motion unit with the large piston. The small piston 28, with a certain diameter, enters the 

In the exemplary embodiment according to FIG. 27, a 40 pressure space 35 in a sealed-off manner through the base 38 

spindle nut 403 is rotatably mounted in the piston rod 42 via of the cylinder 37. Its cross section is reduced therein in a 

rolling-contact bearings 402, this spindle nut 403 having a step 201, following which is a piston extension 202 of 

toothed driving wheel 404, via which it can be rotationally smaller diameter. After crossing a blind hole 56 of the piston 

driven via a driving belt 405 by an electric motor 406 which 36, this blind hole 36 being open toward the base 38 of the 

is fastened to the platen and can be reversed in its direction 45 cylinder 37 and its diameter being so large that the piston 28 

of rotation. Extending through the spindle nut is a screw can plunge into it with its larger diameter, the piston 

spindle 407 which is locked against rotation and to which an extension 202 enters the clutch space 186 in a sealed-off 

ejector pin 408 passing through the platen is fastened. The manner. In the latter, the small piston 28 is reduced once 

ejector pin 408 is moved to and fro by rotation of the electric again in diameter and, with a pump piston section 420 of 

motor 406 in opposite directions. 50 smaller diameter compared with the extension 202, plunges 

In the exemplary embodiment according to FIGS. 28 and in a sealing manner into an axial blind hole 421 starting from 

29, a plurality of ejector pins 408 are located on a plate 410, the clutch space 186. The pump piston section 420 and the 

into which three spindle nuts 403 are inserted in a rotation- blind hole 421 form the displacement means and the dis- 

ally locked manner. Passing through each spindle nut is a placement space of a simple plunger pump. Pressure fluid 

screw spindle 407 which is rotatably mounted and held in 55 can flow to the blind hole 421 from a low-pressure accu- 

place axially in a rolling-contact bearing 402 fastened on the mulator 423 via a check valve 422 opening toward the blind 

outside to the piston rod 42 and which carries a toothed hole 421. Via a check valve 424 blocking flow toward the 

driving wheel 404 in a rotationially locked manner between blind hole, pressure fluid can be displaced from the blind 

the rolling-contact bearing and the plate 410. Again fastened hole into a high -pressure accumulator 425. 

to the platen 401 is an electric motor 406 which, via a pinion eo Inside the clutch space 186, the cross-sectional area of 

sitting on its shaft and via a driving belt 405 placed around which is substantially larger than the cross-sectional area of 

this pinion and the three driving wheels 404, can drive the the piston extension 202 or of the pump piston section 420 

screw spindle 407 in a rotary manner and, as a result, of the small piston 28, the piston 28, at the transition from 

depending on the direction of rotation, can move the plate the extension 202 to the pump piston section 420, carries a 

410 and with the latter the three ejector pins 408 to and fro. 65 piston disk 188 which divides the clutch space 186 into two 

There is a discrepancy between the two FIGS. 28 and 29 spaces 426 and 427 sealed off from one another. The space 

with regard to the arrangement of one screw spindle 407, 427 (air space) on the side of the extension 202 is open to 
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the atmosphere, that is to say it is filled with air. The other Of the exemplary embodiment according to FIG. 33, only 
space 426 (fluid space) is filled with pressure fluid and is the one half produced by dividing along the direction of 
connected to an electromagnetically actuable 3/2-way direc- movement of a movable platen is shown. The other half is 
tional control valve 428 which fluidically connects the fluid constructed in mirror image thereto, 
space 426 to the high-pressure accumulator 425 in the off 5 Fastened in a fixed platen 433 outside the center axis 434 

ESS T 6 ^fuT* ™ f * v m is an electric hollow shaft motor 11, the hollow shaft of 

actuated position. Inserted between the two hydraulic accu- . , w . , „ ' 4l _ . 

mulators is a spill valve 429 which opens from the high- which has a ^circulating ball screw 21 on the inside and is 

pressure accumulator to the low-pressure accumulator if a m engagement via balls 24 with a threaded section 27 of a 

certain pressure difference between the two hydraulic accu- in rectilinearly movable stroke spindle 25 locked against rota- 

mulators is exceeded. tlon - From the threaded section 27 > a P^on rod 340 of the 

t« -31 «u u j 1- * • u • ♦ t • u- u small piston 334 of a hydraulic power transmission means 

In FIG. 32, the hydrauhc unit is shown m a state in which / , tl , . * * • u* • * i- j • i 

♦u- ~~\a ~c „ • • *■ u- u- r i 12 extends parallel to the center axis right into a cylindrical 

the mold or an injection molding machine for plastics is A * e c w . , . A jr* 4 c 4 , 

™ rpi i .. « . 4 itM cavity 435 of a plate-shaped intermediate part 437 of the 

completely open. The large piston 36, with its end face 184, J ^_ . . r j . 

,viw fl /.MUu 10 f i , - u . power transmission means 12, this plate-shaped mtermedi- 

is located at the base 38 of the cylinder 37 via short spacers. 1C \ • . . • j . « • 

T. n( . ,| . 4 ~ c m „ ... . . . . 15 ate part 437, in a manner not shown m any more detail, being 

The small piston 28 assumes a position in which the piston .\ - ' . . . ... / ^ , . * 

ji-i, ioo -/i f i » «u j r*u i * u 1D [ tl guided on spars along the axis 434. Fastened inside the 

disk 188 is located at the end of the clutch space 186. The & .. A ~- . \* . . 6 , . . . 1T . 

A - nt - i „ „ i • • rc •*■ *u * cavity 435 to the piston rod 340 is a piston collar 335, which, 

directional control valve ism its off position, so that pressure .u • . J T j j * *• i -><^ j 

v j : *u a -j vi-*/: tl- • , . , iU 4 on the piston-rod side, defines a sectional space 337, filled 

is applied in the fluid space 426. This pressure is so high that . tU F „ .j ' « <? *u 

r, • j . -« c • j f ,i with pressure fluid, of a pressure space 35 of the power 

the pressure fluid transmits the force required for the regu- « n . F . . ' , * F - - . , 

lating movement of the movable platen like a rigid mecha- 2 ° tra f miSS10n ™ cans 1 f nd ' 0n ^ Slde rem0te from the P 1St0n 

nism. If the mold is now to be closed, the small piston 28 and rod ' 15 exposed t0 ±& ^sphere. 

with it the piston disk 188 are moved to the right in the view Before entr y to the cavit y 435 > the V* ion rod 340 crosses 

according to FIG. 32 by appropriate activation of the electric a clutch s P ace 186 which * located in <*» P late 437 and m 

motor (not shown in FIG. 32). The movement of the piston 25 which tne P iston disk 188 of a Mraulic coupling device 180 

disk, via the pressure fluid in the fluid space 426, is trans- * fastened to tne P^ 00 rod - As in the exemplary embodi- 

mitted directly to the large piston 36 and thus to the movable ment a ccording to FIG. 32, the piston disk divides the clutch 

platen. The large piston 36 also carries along the cylinder 37 s P ace 186 ^to two clutch sectional spaces 426 and 427 

via the helical compression spring 60. The pressure in the sealed off from one another. The clutch sectional space 427 

pressure space 35 does not change. 30 situated toward the cavity 435 is permanently connected to 

If the mold has finally been closed, the directional control a ^P^ure accumulator 423 sitting on the plate 437. The 

valve 428 is changed over, so that the pressure fluid in the other clutch sectl0nal s P ace 426 > as m the exemplary 

fluid space 426 expands to a low pressure and, during the embodiment according to FIG. 32, is filled with pressure 

further movement of the small piston 28 relative to the large flmd and connected to an electromagnetically actuable 3/2- 

piston 36, can be displaced with little force from the fluid 35 way directional control valve 428 which fluidically connects 

space 426 into the low-pressure accumulator 423. The piston the clutch sectlonal s P ace 426 to the high-pressure accumu- 

28 continues to move and plunges deeper into the blind hole !ator 425 in ^ off P 0Sltl0n and t0 the low-pressure accu- 

56 and displaces pressure fluid with its annular surface 201. mulator 423 m the actuated P osition - ^ clutch sectional 

As a result, the pressure in the pressure space 35 increases, s P aces at the other sma11 ^ ton 334 are connected in the 

so that the cylinder 37 is clamped in place and the high 40 same wa ? t0 the directi °n a l control valve 428 and the 

locking force is built up low-pressure accumulator 423. As in the exemplary embodi- 

During the further movement of the small piston 28, its ™ nt j"* 01 ^ t0 FIG ' f> ^ » a J"™*** arra ngement 

pump piston section 420 plunges deeper into the blind hole not ^ m any more dei ^ ^ hlch debv u ers P re f ^ flmd 

421 and displaces pressure fluid from it into the high- from * e low -P re f ure a ccumulator to the high-pressure 

pressure accumulator 425. The displaced quantity is shghtly 45 accumula ^ or » [ order t0 compensa^ for the entrapment of 

larger than the quantity which has flowed away into the P rcsSU " i flmd h \ pr f f sur f b u ulld " u P ™ d P re ^ e ^ ed ^ 

low-pressure accumulator 423 during the preceding decom- tl0n m the ™ a ° d for leakage via the piston disk 188. 

pression of the fluid space 426 and which will flow from the ^ P late 437 accommodates the large piston 36 of the 

high-pressure accumulator into the fluid space during the P ower transmission means 12 concentrically to the center 

subsequent compression. The excess quantity is kept as 50 axis 434 1136 large piston 36 ' witn the plate 437 ' defines a 

small as possible and passes from the high-pressure accu- sectional space 321 of the pressure space 35, this sectional 

mulator via the spill valve 429 into the low-pressure accu- s P ace 321 bein S fluidic ally connected to the sectional space 

mulator again, so that the pressure difference between the 337 at lhe smaU V* i0Q 334 via a P^sagp 438 leading 

two accumulators does not exceed a certain value. through the plate. Secured in position between the large 

To open the mold, the electric motor is driven in the 55 Pjf lon 36 and ^ e P late 437 » a ^ elical compression spring 

opposite rotary direction, so that the piston 28, as viewed 60 1 whlch l oads both m ^e direction for mmimizing the 

according to FIG. 32, moves to the left. Pressure fluid flows volume of the sectl0nal ^ 32L 

from the low-pressure accumulator 423 via the directional Fastened to the plate 437 are rods 439, with which the 

control valve 428 into the expanding fluid space 426 and via P late can be locked relative to the fixed platen 433, that is 

the check valve 422 into the expanding displacement space 60 a g ain st movement. 

421. The pressure in the pressure space 35 is reduced. The mold for the plastic part to be injection molded can 

Finally, the piston 28, via the piston disk 188, carries along be carried by the large piston 36 directly or via an additional 

the piston 36 and the latter carries along the cylinder 37 in platen. 

the opening direction of the mold. The directional control In FIG. 33, the drive device is shown in a state in which 

valve is brought into its off position again and as a result the 65 the mold of an injection molding machine for plastics is 

high pressure prevailing in the hydraulic accumulator 425 is completely open. The large piston 36 of the hydraulic unit 

applied to the fluid space 426. 12, with its end face 184, is located at the base of the 
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receptacle in the plate 437 via short spacers. The small 340. The following cavity section 450 has a larger diameter 

piston 334 assumes a position in which the piston disk 188 than the cavity section 449. The diameter of the adjoining 

is located at the end of the clutch space 186 and the piston cavity section 451 lies between the diameters of the sections 

collar 335 makes the sectional space 337 the maximum size. 449 and 450. Finally, the diameter of the last, blind-hole-like 

The directional control valve is located in its off position, so 5 cavity section 452 is slightly smaller than the diameter of the 

that pressure is applied in the clutch sectional space 426. passage 447. The small piston 334, with a plunger-like 

This pressure is so high that the pressure fluid transmits the piston section 455, plunges in a sealed-ofl manner into the 

force required for the regulating movement of the movable cavity section 452. At the transition between the piston rod 

mold half like a rigid mechanism. If the mold is now to be 456 and the piston section 455, a driving disk 456 is fastened 

closed, the small piston 334 and with it the piston disk 188 30 to the latter, the diameter of this driving disk 456 being 

are moved to the right in the view according to FIG. 33 by smaller than the diameter of the cavity section 451. In front 

appropriate activation of the electric motor 11. The move- of the drivin S disk > a further, stepped piston section 457 is 

ment of the piston disk, via the pressure fluid in the clutch longitudinally guided on the piston rod 340. This piston 

sectional space 426, is transmitted directly to the plate 437, ™ chon P lu ff s in a m , anner 5*° *5 

that is to the intermediate part of the power transmission 35 secb0 . n f 49 * Dt L has an additional pis on collar 458 which 

. c 4 , . A r ,.' 5 * *i_ i ' • * " constitutes a further piston section of the small piston 334. 

means 12, and from the in ennediate partto the large piston ^ n ^ ^ ^ & diametef whicfa ^ shM 

36 and thus to the movable mold half. The pressure m the smal £ r ^ ^ Qf ^ ^ 45Q and {& 

pressure space 35 does not change. sealed off rdative {Q the waU of ^ cavity sectioQ Secured 

If the mold has finally been closed, the plate 437 is locked m position between the piston section 457 and the piston rod 

via the rods 439 and the directional control valve 428 is 2 o 340 is a compression spring 459 which loads the piston 

changed over. The pressure fluid in the clutch sectional section in the direction of the driving disk 456 and in the 

space 426 expands to a low pressure and, during the further direction of the step between the two cavity sections 450 and 

movement of the small piston 334 relative to the plate 437, 451. The step forms a stop 460 for the piston section 457. 

can be displaced from the clutch sectional space 426 into the The plate 437 accommodates the large piston 36 of the 

low-pressure accumulator 423 by the piston disk 188. The 25 power transmission means 12 concentrically to the center 

piston 334 continues to move and, with its piston collar 335, axis 434. The large piston 36 is now formed so as to be 

reduces the volume of the sectional space 337 of the pressure double-acting as a differential piston with a piston collar 310 

space 35. As a result, the pressure in the pressure space 35 and a piston rod 322 and defines, with the plate 437, a fully 

increases, so that the high locking force is built up. cylindrical sectional space 321 of a first pressure space 35, 

To open the mold, the electric motor 11 is driven in the 30 the admission of pressure to which results in the large piston 

opposite rotary direction, so that the piston 334, as viewed being loaded in the extension direction of the piston rod, and 

according to FIG. 33, moves to the left. The pressure in the an annular sectional space 320 of a second pressure space 

pressure space 35 is reduced. Pressure fluid flows from the 35. The plate and the large piston are centered relative to one 

low-pressure accumulator 423 via the directional control another in a spring-loaded manner by two helical compres- 

valve 428 into the expanding clutch sectional space 426. The 35 sion springs 461 and 462 which surround the piston rod 322 

locking of the plate 437 is then neutralized. The plate 437 is and which are both supported on one side on an annular 

subsequently carried along by the small piston 334 via the spring plate 463, which can be carried along by the plate 437 

piston disk 188, and the piston 36 is carried along by the and by the large piston 36, and on the other side on the large 

plate 437 via the helical compression spring 60 preloaded in piston and on the plate, respectively, 

accordance with the force required for the regulating move- 40 In both exemplary embodiments according to FIGS. 34 

ment. The directional control valve is brought into its off and 35, the sectional space 320 is permanently fluidically 

position again and as a result the high pressure prevailing in connected to the clearance space 464 in front of the piston 

the hydraulic accumulator 425 is applied to the fluid space sections 455 of the two small pistons 334. Both exemplary 

426. embodiments again include a low-pressure accumulator 423 

In the two exemplary embodiments according to FIGS. 34 45 and a high-pressure accumulator 425 and also a 3/2- way 

and 35, the hydraulic power transmission means 12 is of directional control valve 428. The clearance spaces 465 

double-acting construction. In the fixed platen 433, two between the seal at the piston section 455 and the seal at the 

spindle nuts 253 are rotatably mounted axially in a fixed piston collar 458 are permanently fluidically connected to 

position diametrically opposite one another relative to the the low-pressure accumulator 423. 

center axis 434 via self-aligning roller bearings 445, these 50 A difference between the two exemplary embodiments 

spindle nuts 253 having a driving disk 446, via which they just considered is the fluidic connection of the clearance 

can be driven via a belt by an electric motor (not shown in spaces 456 between the seal at the piston collars 458 and the 
any more detail). Each spindle nut 253 is in engagement via . seal, lying at the wall of the respective cavity section 449, of 

balls with a threaded section 27 of a rectilinearly movable the piston section 457 and the clearance spaces 467 in front 

stroke spindle 25 locked against rotation. As in the exem- 55 of the last-mentioned seal. In the exemplary embodiment 

plary embodiment according to FIG. 33, from the threaded according to FIG. 34, the clearance spaces 466 are perma- 

section 27 of the stroke spindle 25, a piston rod 340 of a nently connected to the sectional space 321 at the large 

small piston 334 of a hydraulic power transmission means piston 36 and thus form sectional spaces of the first pressure 

12 extends parallel to the center axis 434 in a sealed-ofl space 35. The clearance spaces 467, depending on the 

manner through a passage 447 right into a cavity 448, having 60 position of the directional control valve 428, are connected 

a plurality of cylindrical sections differing from one another either to the low-pressure accumulator or to the high- 

in their diameters, of a plate-shaped intermediate part 437 of pressure accumulator. Together they form the clutch space of 

the power transmission means 12, this plate-shaped inter- a hydraulic clutch device which is provided between the 

mediate part 437, in a manner not shown in any more detail, small piston 334 and the plate 437, that is to say the 

being longitudinally guided on spars. Following the passage 65 intermediate part of the hydraulic power transmission means 

447 is first of all a cavity section 449, the diameter of which 12, and the clutch disk of which is the smaller part of the 

is about three times as large as the diameter of the piston rod piston section 457. 
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In the exemplary embodiment according to FIG. 35, the 
piston collars 458 correspond to the piston section 420 and 
the clearance spaces 466 correspond to the space 421 of the 
exemplary embodiment according to FIG. 32. Accordingly, 
pressure fluid can be displaced from these clearance spaces 5 
466 via a check valve 424 into the high-pressure accumu- 
lator 425 and can subsequently flow from the low-pressure 
accumulator 423 via a check valve 422 into the clearance 
spaces 466. There is a 4/2-way directional control valve with 
an off position in which the clearance spaces 467 are 10 
connected to the high-pressure accumulator 425 and the 
sectional space 321 of the first pressure space 35 is con- 
nected to the low-pressure accumulator 423. The directional 
control valve can be brought by an electromagnet into the 
second operating position, in which the hydraulic accumu- 35 
lators are shut off toward the spaces 321 and 467 and the 
sectional space 321 is connected to the clearance spaces 467. 
In this respect, the latter are sectional spaces of the first 
pressure space 35. The clearance spaces 467 at the same time 
form the clutch space of a hydraulic clutch arranged between 20 
the small piston 334 and the plate 437. 

In FIGS. 34 and 35, the two drive devices are shown in a 
state in which the mold of an injection molding machine for 
plastics is completely open. The piston collar 319 of the 
large piston 36 of the hydraulic unit 12 is located in a center 25 
position relative to its possible length of stroke. The piston 
sections 457 of the small pistons 334 bear against the stop 
460. The driving disk 456 is located just behind the piston 
section 457. The directional control valve 428 or 475, 
respectively, is in its off position, so that pressure is applied 30 
in the clearance spaces 467. This pressure is so high that the 
pressure fluid transmits the force required for the regulating 
movement of the movable mold half like a rigid mechanism. 
If the mold is now to be closed, the piston rod 340 and, with 
the latter, the various sections of the small pistons 334 are 35 
moved to the right in the view according to FIGS. 34 and 35 
by appropriate activation of the electric motor. The move- 
ment of the piston section 457, via the pressure fluid in the 
clearance spaces 467, is transmitted directly to the plate 437, 
thus to the intermediate part of the power transmission 40 
means 12, and from the intermediate part via the helical 
compression spring 461 to the large piston 36 and thus to the 
movable mold half. The pressure in the pressure spaces 35 
does not change. 

If the mold has finally been closed, the plate 437 is locked 45 
via the rods 439. In the exemplary embodiment according to 
FIG. 34, the directional control valve 428 is changed over. 
The pressure fluid in the clearance spaces 467 expands to a 
low pressure and, during the further movement of the small 
pistons 334 relative to the plate 437, can be displaced from 50 
the clearance spaces 467 into the low-pressure accumulator 
423. The pistons 334 continue to move and, with the piston 
collars 458, reduce the volume of the sectional spaces 466 
of the first pressure space 35. As a result, the pressure in the 
sectional space 321 of this pressure space 35 also increases, 55 
so that the high locking force is built up. 

In the exemplary embodiment according to FIG. 35, after 
the changeover of the directional control valve 475, pressure 
fluid is displaced from the clearance spaces 467 into the 
sectional space 321 of the first pressure space 35 by the 60 
further movement of the small pistons 334, so that a high 
locking pressure is likewise built up. During the further 
movement of the small pistons 334, their piston collars 458 
displace pressure fluid from the clearance spaces 466 into 
the high-pressure accumulator 425. As in the exemplary 65 
embodiment according to FIG. 32, the movement of the 
small pistons relative to a fixed part of the hydraulic power 
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transmission means is thus used in order to deliver pressure 
fluid from the low-pressure accumulator into the high- 
pressure accumulator. 

To open the mold, the small pistons 334, by reversing the 
direction of rotation of the driving electric motor, are moved 
to the left, as viewed according to FIGS. 34 and 35, in the 
course of which the piston section 457 follows the piston rod 
340 on account of the spring 459. The pressure in the first 
pressure space 35 is reduced. In the exemplary embodiment 
according to FIG. 34, pressure fluid flows from the low- 
pressure accumulator 423 via the directional control valve 
428 into the expanding clearance spaces 467 until the piston 
sections 457 bear against the stops 460. A pressure is 
subsequently built up by the piston sections 455 of the small 
pistons 334 plunging into the clearance spaces 464 in the 
second pressure space 35, this pressure releasing the mov- 
able mold half. The locking of the plate 437 is then neu- 
tralized. The springs 459, the preloading of which has been 
further increased by the further movement of the small 
pistons to the left, push the plate 437 and the large piston 36 
in such a way as to follow the small pistons. The plate 437 
and the large piston 36 then follow the small pistons 334 on 
account of the springs 459 and the springs 462. The direc- 
tional control valve is brought into its off position again and 
as a result the high pressure prevailing in the hydraulic 
accumulator 425 is applied to the fluid space 467. 

In the exemplary embodiment according to FIG. 35, after 
reversal of the direction of movement of the small pistons 
334, pressure fluid flows out of the low-pressure accumu- 
lator 423 via the check valve 422 into the expanding 
clearance spaces 466. The first pressure space 35 is decom- 
pressed by the movement of the piston sections 457 up to the 
stops 460. The directional control valve 475 is then changed 
over into its off position, so that the sectional spaces 467 are 
connected to the high-pressure accumulator and the sec- 
tional space 321 of the first pressure space 35 is connected 
to the low-pressure accumulator. As in the exemplary 
embodiment according to FIG. 34, a pressure is subse- 
quently built up by the piston sections 455 of the small 
pistons 334 plunging into the clearance spaces 464 in the 
second pressure space 35, this pressure releasing the mov- 
able mold half. The locking of the plate 437 is then neu- 
tralized. The mold is then opened as in the exemplary 
embodiment according to FIG. 34. 

What is claimed is: 

1. A drive device, in particular for a closing unit, an 
injection unit or ejectors of an injection molding machine for 
plastics, 

having a drive element (25, 234, 253) which is movable 
axially by an electric motor (11, 170), 

and having a hydraulic unit (12) which is movable in same 
direction as the drive element (25, 234, 253) by a 
movement of the drive element, 

wherein the hydraulic unit (12) is a power transmission 
means haying two pistons (28, 228, 256, 334; 36, 290, 
318), which include a small piston and a large piston 
that are movable relative to one another and differ from 
one another in the sizes of their effective areas, and 
having an intermediate part (37, 287, 317, 437) which 
together with the two pistons encloses a pressure space 
(35) filled with a pressure fluid, 

wherein the small piston (28, 228, 256, 334) having the 
smaller effective area is mechanically connected to the 
drive element (25, 234, 253), 

wherein the hydraulic unit (12) is movable as an entity for 
a regulating movement, 
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and wherein for exerting a high force by the large piston (28, 228, 253), and wherein when current flows through the 

(36, 290, 318) having the larger effective area, the coil (198), the other part in held axially on the coil, 

intermediate part is locked against displacement rela- 11. The drive device as claimed in 6, wherein the coupling 

tive to a fixed frame (10, 240, 433). device (180) between the drive element or the small piston 

2. The drive device as claimed in claim 1, further com- 5 (28, 334), on the one hand, and the intermediate part (437) 
prising a coupling device (60, 324) with which the interme- or the large piston (36) on the other hand, is a hydraulic 
diate part (37, 287, 317) and he large piston (36, 287, 318) clutch, wherein pressure fluid, during the regulating 
of the hydraulic unit (12), for regulating movement, are movement, is trapped in a clutch space (186, 467) between 
coupled to one another in a fixed position, and the two parts (28, 36, 437) coupled to one another to be 

wherein for exerting the high force by the large piston (36, ao displaced from the clutch space (186, 467) for moving the 

318) of the hydraulic unit (12), the fixed coupling *™ 0 P arts relative t0 one another. 

between large piston (36, 318) and intermediate part 12 ' ^ deice as claimed in claim 6, wherein the 

(37 287 317) is released coupling device (180) is a hydraulic slip clutch, and the 

3. The drive device as claimed in claim 2, wherein the drive element or the small piston (28) enters a closed-off 
coupling device comprises a spring (60, 324) which is 35 clu ch Sp f a * ^ ^/S? \ \t ?• int " rmedl t ate 

secured in position between the large piston (36, 318) and gf ™SJSJS?S ? 2% * f^i'T °* 

tU . . V 4 « • .« % tne small piston cames, m the region of the clutch space 

the mtermediate part (37, 317 wherem the large piston 36 (186)> a J ^ disk (188) ^ said ^ ^ 

318) and the intermediate part (37, 327) is pressable against ^ tw0 dutch ^ ^ ^ ^ tWQ ^ 

one another axially by the spring (30, 324), and wherein sectional spaces are fluidically connects to one another by a 

when the large piston (36, 318) and the intermediate part 20 valve arrangement (189, 190), and wherein the valve 

(37, 317) bear against one another, the preloading force of arrangement has two check valves (189, 190) in an antipar- 

the spring (60, 324) is greater than the regulating force a rj e i arrangement. 

required for performing the regulating movement. 13. ^ drive device ^ c iai me d in claim 10, wherein the 

4. The drive deice as claimed in claim 1, wherein the i arge piston ( 36 ) has clutch space ( 186 ) 5 mt0 which the drive 
mtermediate part is formed as a cylinder (37) which sur- 25 element or the small piston (28, 228) extends, and in which 
rounds the large piston (36) on the outside, and me coupling device (180, 195) is located. 

wherein the small piston (28, 256) projects plunger-like 14. The drive device as claimed in claim 13, wherein the 

through a flange (38) of the cylinder (37) freely into he small piston (28, 228) is a stepped piston with a section of 

pressure apace (35). larger diameter and a section (202) of smaller diameter 

5. The drive device as claimed in claim 4, wherein the 30 following this section of large diameter, and wherein the 
large piston (36) has a blind hole (56) which is open toward small piston (25, 225), with the sec ion of larger diameter, 
the flange (38) of the cylinder (37) and into which the small enters the pressure space (35) in a se led-off manner and, 
piston (28) can plunge. with the section (202) of smaller diameter, enters the clutch 

6. The drive device as claimed in claim 1, further com- space (186), so that the differential are between the two 
prising a coupling device (5, 180, 195) by which the drive 35 sections of different diameters forms the effective area of the 
element (25, 253) and the intermediate part (37, 287, 437) of small piston (28, 228). 

the hydraulic unit (12) are directly coupled to one another in 15. The drive device as claimed in claim 1, wherein the 

a fixed position for a regulating movement, and intermediate part (37, 287, 317) of the hydraulic unit (12) is 

wherein for exerting the high force by the large piston (36, locked against displacement relative to the fixed frame (10, 

290) of the hydraulic unit (12), the fixed coupling 40 240) by friction grip with he fixed frame (10, 240). 

between the drive element (25, 253) and the interme- 16. The drive device as claimed in claim 15, wherein the 

diate part (37, 57, 437) is released. friction grip is produced by hydraulically applying pressure 

7. The drive device as claimed in claim 6, further com- to one friction-grip partner (92, 211). 

prising a spring (60) wherein the large piston (36) and the 17. The drive device as claimed in claim 16, wherein the 

intermediate part (37) of the hydraulic unit (12) are pressed 45 pressure prevailing in the pressure space (35) is applied to 

against one another by the spring (60), a preloading force of the one friction-grip partner (92). 

which is lower than a regulating force required for perform- 18. The drive device as claimed in claim 17, wherein 

ing the regulating movement. pressure is applied to the one friction-grip partner (92, 211) 

8. The drive device as claimed in claim 1, further com- by feeding an external pressure medium. 

prising a coupling device (180, 195) with which the drive 50 19. The drive device as claimed in claim 16, wherein a 

element (25, 234) or the small piston (28, 228, 334), is plurality of individual brake shoes (211), to which pressure 

coupled directly to the large piston 318) of the hydraulic unit can be applied from outside and which can be brought into 

(12), in a fixed position for a regulating movement, and contact with the intermediate part (37) toward the inside, are 

wherein for exerting the high fore by the large piston (36, arranged in the frame. 

318) of the hydraulic unit (12), the fixed coupling between 55 20. The drive device as claimed in claim 16, wherein the 

the drive element (25, 234) or the small piston (28, 228, intermediate part (37) of the hydraulic unit (12) has a tube 

334), and the large piston (36, 318), is released. section (43, 92) which can be elastically extended radially 

9. The drive device as claimed in claim 8, further com- outward by internal pressure for producing a friction grip 
prising a spring (60, 32), wherein the large piston (35, 318) between the intermediate part and wall of a bore (9) of the 
and the intermediate part (37, 317) of the hydraulic unit (12) 60 fixed frame (10, 240). 

are pressed against one another by the spring (60, 324), via 21. The drive device as claimed in claim 20, wherein 

which the intermediate part (37, 317) can be carried along in individual, radially movable brake rods (196) are arranged 

the closing direction by the large piston (36, 318). around an extensible tube section (92) of thin construction, 

10. The drive device as claimed in claim 6, wherein the these brake rod, (196) lying axially with slight play between 
coupling device (195) is an electromagnetically actuable 65 the stops and the intermediate part (37, 287, 317). 
clutch which has a coil (198) located on one part (36, 37, 22. The drive device as claimed in claim 20, wherein the 
287) and an armature (203) which is held on the other part intermediate part (37, 287, 317) of the hydraulic unit (12) 
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has a tube section (43, 92) which defines the pressure space spindle (125) arranged in n axially fixed position to be 

(35) and which can be elastically extended radially outward rotationally driven by the electric motor (11), the screw 

by a pressure in the pressure space (35) for producing a spindle (25) passes through a base (38) of the intermediate 

friction grip between the intermediate part and a wall of a part (37, 287) of the hydraulic unit (12) and is accommo- 
bore (9) of the fixed frame (10). 5 dated by the cavity in the large piston (36, 290) and is in 

23. The drive device as claimed in claim 20, wherein the engagement with a spindle nut (253), and wherein the small 
intermediate part (37, 87, 317) has a dimensionally stable piston is formed by a plurality of little pistons (256) which 
inner tube section (94), in which the large piston (36) is are arranged outside the axis of the hydraulic unit (12), are 
guided in a sealed-off manner, and an outer tube section (92) supported axially on the spindle nut (253) and lunge into 
which surrounds the inner tube section (94) while forming a holes of the intermediate-part base (38). 

clearance space (96, 97, 183), wherein pressure can be 35. The drive device as claimed in claim 34, Wherein the 
applied to the clearance space, and wherein the outer tube pressure space (35) comprises an annular space which is 
section (92) can be extended radially outward by pressure defined radially on the outside and inside by axial 
applied in the clearance space (96, 97, 183). intermediate-part walls (94, 257) and axially on the one side 

24. The drive device as claimed in claim 15, wherein the by the intermediate-part base (38) and on the other side by 
intermediate pert (37) f the hydraulic unit (12) is lockable 15 an annular section (258), plunging between the 
against displacement relative to the fixed frame (10) by intermediate-part walls (94, 257), of the large piston (36). 
clamping wedges (1U, 117). 36. The drive device as claimed in claim 34, wherein the 

25. The drive device as claimed in claim 24, wherein the spindle nut (253) plunges into the central passage of the 
intermediate part (37) is clampable to the frame (10) by intermediate-part base (38). 

clamping the clamping wedges (111, 117) to spars (124) of 20 37. The drive device as claimed in claim 1, wherein the 
the frame (10). pressure space (35) of the hydraulic unit (12) is connected to 

26. The drive device as claimed in claims 1, wherein- the a hydraulic accumulator (260, 280, 423), and pressure fluid 
intermediate part (37) of the hydraulic unit (12) is lockable can be displaced from the pressure space (35) into the 
against a displacement relative to the fixed frame by positive hydraulic accumulator (260, 280) as a function of the 
locking with the fixed frame (10). 25 operating state. 

27. The drive device as claimed in claim 26, wherein the 38. The drive device as claimed in claim 37, wherein the 
intermediate part (37) can be locked by a plurality of locking hydraulic accumulator (260) is a piston accumulator and has 
elements (76) which are a ranged around it at equal distances an accumulator piston (261) which is loaded by a spring 
apart, and each locking element (76) is pivotable about an (264) and which, at a certain pressure, is pressed against a 
axis parallel to the axis of the hydraulic unit (12). 30 stop against the force of the spring (264). 

28. The drive device as claimed in claim 27, wherein the 39. The drive device as claimed in claim 37 further 
locking elements (76) are set in their axial position. comprising a valve (281, 475) arranged in a fluid connection 

29. The drive device as claimed in claim 1, wherein the between the hydraulic accumulator (280, 423) and the 
intermediate part (37) as lockable by an axial stop (149, 160, pressure space (35), with which valve (281, 475) the fluid 
174) which is moved in accordance with the regulating 35 connection can be shut off. 

movement of the intermediate part (37), a force chain for 40. The drive device as claimed in claim 39, wherein the 
axially supporting the intermediate part (37) comprising a valve (281) is actuate electrically and is operated at the same 
self-locking screw drive (144, 148; 156, 161). time as the release of an electromagnetically actuable clutch 

30. The drive device as claimed in claim 29, wherein the (195). 

axial stop (160, 174) is moved by a second electric motor 40 41. The drive device as claimed in claim 1, wherein the 
(1^)- large piston (36) is formed as a diaphragm piston with a 

31. The drive device as claimed in claim 29, wherein a diaphragm (290). 

rotationally drivable part (174) of the screw drive (144, 148) 42. The drive device as claimed in claim 41, wherein the 
meshes directly with a section (177), provided with a thread diaphragm (290) is of elastic construction end forms the 
(148), of the intermediate part and constitutes the stop. 45 coupling device with which the intermediate part (287) and 

32. The drive device as claimed in claim 1, wherein the the large piston (36) are coupled to one another in a fixed 
small piston (228) of the hydraulic unit (12) is formed as a position for the regulating movement. 

hollow piston, a screw spindle (25) is arranged in an axially 43. The drive device as claimed in claim 1, wherein the 
fixed position and is rotationally driven by the electric motor power transmission mean (12) is constructed to be double- 
(11), the screw spindle (25) is accommodated by the hollow 50 acting, and at least the large piston (36) is constructed so as 
small piston (228), and wherein the small piston (228) to be double-acting. 

comprises a spindle nut (234) which is in engagement with 44. The drive device as claimed in claim 43, wherein the 

the screw spindle (25) over the entire stroke and is locked intermediate part (317) of the hydraulic unit (12) is locked 
against rotation. against a displacement relative to the fixed frame by friction 

33. The drive device as claimed in claim 32, wherein the 55 grip with the fixed frame, the friction grip is produced by 
large piston (36) is formed as a hollow piston, the small hydraulically applying pressure to a friction-grip partner 
piston (228) is hollow throughout and is formed as a stepped (92), and wherein the application of pressure is effected in 
piston with a section of larger outside diameter and with a each case from a pressure apace (35) under pressure, a 
section of smaller outside diameter, the mall piston (228), further pressure space (35) being shut off toward the friction- 
with the section of larger outside diameter, enters the pres- 60 grip partner (92) acted upon. 

sure space (25) in a sealed-off manner and, with the section 45. The drive device as claimed in claim 43, further 
of smaller outside diameter, enters the hollow large piston comprising at least one spring (324, 461, 462) supported 
(36) in a sealed-off manner, and wherein the screw spindle between the large piston (36) and the intermediate part (317, 
(25) passing through the small piston (225) can be acorn- 437) and wherein the large piston or the intermediate part 
modated by the cavity (186, 231) in the large piston (36). 65 (36, 317, 437) is loaded in the direction of a center position 

34. The drive device as claimed in claim 1, wherein the relative to the other part by the at least one spring (324, 461, 
large piston (36, 290) is formed as a hollow.piston, a screw 462). 
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46. The drive device as claimed in claim 43, further 
comprising a coupling device (180, 195) arranged between 
the small piston (334) and the large piston (36) or the 
intermediate part (437), the coupling device having a clutch 
part (203, 457) which is loaded in the direction of a shoulder 
(342, 456) of the small piston (334) by a spring (344, 459) 
supported on the small piston (334). 

47. The drive device as claimed in claim 32, wherein the 
one end of the screw spindle (25) is mounted in a radial 
bearing (270) which, if a radial force exceeds a limit force, 
is radially adjustable relative to a guide bush (274) serving 
for the longitudinal guidance of the screw spindle (25). 

48. The drive device as claimed in claim 6, wherein the 
coupling device (180), which couples the drive element (25, 
253) or the small piston (33 ) as a first coupled part with the 
intermediate part (437) or the large piston (36) as a second 
coupled part, is a hydraulic clutch (180) having a clutch 
space (426, 467) between the two parts that are to be coupled 
to one another, wherein pressure fluid, during the regulating 
movement, is trapped in the clutch space (426, 467) between 
the two parts coupled to one another an is displaced from the 
clutch space (426, 467) for moving the two parts relative to 
one another, end wherein for the regulating movement, the 
clutch space (426, 467) is connectable to a high-pressure 
accumulator (425) via a directional control valve (428, 475). 

49. The drive device as claimed in claim 48, wherein for 
moving the two parts (23, 253, 36, 437), which are to be 
coupled to one another, the clutch space (426, 467) is 
connectable to a low-pressure accumulator (423) via the 
directional control valve (428). 

50. The drive device as claimed in claim 1, wherein the 
power transmission means (12) is constructed to be double- 
acting and has a double-acting large piston (36) with a piston 
collar (319) adjoining a first large pressure chamber (321) 
and a second large pressure chamber (320), wherein the 
small piston (334) has a first piston section (457) adjoining 
a first small pressure chamber (466, 467) from which 
pressure fluid can be displaced into the first large pressure 
chamber (321), and a second piston section (455) which is 
movable relative to the first piston section (457) and adjoins 
a second small pressure chamber (464), from which pressure 
fluid is displaced into the second large pressure chamber 
320), wherein the second piston section (455) is carried 
along by the drive element (25) by positive coupling, the 
intermediate part (437) accommodating the small piston 
(334) has a stop (460) for the first piston section (457), from 
which stop (460) the first piston section (457), in the 
direction for reducing the first small pressure chamber (466, 
467), is carried along by the drive element (25) in a first 
direction, whereas in the opposite, second direction, after the 
first piston section (457) bears against the stop (460), the 
second piston section (455) continues to be moved for 
reducing the second small pressure chamber (464). 

51. The drive device as claimed in claim 8, wherein the 
coupling device (195) is an electromagnetically actuable 
clutch which has a coil (198) located on one part (36, 37, 
287) and an armature (203) which is held on the other part 
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(28, 228, 253), and wherein when current flows through the 
coil (198), the other part is held axially on the coil. 

52. The drive device as claimed in 8, wherein the coupling 
device (180) between the drive element or the small piston 
(28, 334), on the on hand, and the intermediate part (437) or 
the large piston (36) on the other hand, is a hydraulic clutch, 
wherein pressure fluid, during the regulating movement, is 
trapped in a clutch space (186, 467) between the two parts 
(28, 36, 437) coupled to on another to be displaced from the 
clutch space (186, 467) for moving the two parts relative to 
one another. 

53. The drive device as claimed in claim 8, wherein the 
coupling device (180) is a hydraulic slip clutch, end the 
drive element or the small piston (28) enters a closed-off 
clutch apace (186), filled with a fluid, of the intermediate 
part or of the large piston (36) wherein the drive element or 
the small piston carries, in the region of the clutch space 
(186), a separating disk (188) separating said clutch space 
into two clutch sectional spaces, wherein the two clutch 
sectional spaces are fluidically connected to one another by 
a valve arrangement (189, 190), and wherein the valve 
arrangement has two check valves (189, 190) in an antipar- 
allel arrangement. 

54. The drive device as claimed in claim 11, wherein the 
large piston (36) has a clutch space (186), into which the 
drive element or the small piston (28, 228) extends, and in 
which the coupling device (180, 195) is located. 

55. The drive device as claimed in claim 12, wherein the 
large piston (36) has a clutch space (186), into which the 
drive element or the small piston (28, 226) extends, and in 
which the coupling device (180, 195) is located. 

56. The drive device as claimed in claim 38, further 
comprising a valve (281, 415) arranged in a fluid connection 
between the hydraulic accumulator (280, 423) and the 
pressure space (35), with which valve (281, 475) the fluid 
connection can be shut off. 

57. The drive device as claimed in claim 34, wherein the 
one end of the screw spindle (25) is mounted in a radial 
bearing (270) which, if a redial force exceeds a limit force, 
is radially adjustable relative to a guide bush (214) serving 
for the longitudinal guidance of the screw spindle (25). 

58. The drive device as claimed in claim 8, wherein the 
coupling device (180), which couples the drive element (25, 
253) or the small piston (334) as a first coupled part with the 
intermediate part (437) or the large piston (36) as a second 
coupled part, is a hydraulic clutch (180) having a clutch 
space (426, 467) between the two parts that are to be coupled 
to one another, wherein pressure fluid, during the regulating 
movement, is trapped in the clutch space (426, 467) between 
the two parts coupled to one another and is displaced from 
the clutch space (426, 467) for moving the two parts relative 
to one another, and wherein for the regulating movement, 
the clutch space (426, 467) is connectable to a high-pressure 
accumulator (425) via a directional control valve (428, 475). 
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(57) ABSTRACT 

An electromechanical clamping device with hydraulic assis- 
tance. A thrust mechanism driven by an electric motor 
displaces two clamping jaws with respect to each other 
along a guide device. One clamping jaw is divided into two 
mutually displaceable part java. A chamber to hold pressure 
medium is formed between the part jaws. The first part jaw 
can be displaced along the guide device and locked with 
respect to the latter. One part jaw is provided with a first 
cylinder coupled to the output of the thrust mechanism. In 
order to close the clamping device, in a first step the thrust 
mechanism pulls the part jaws against the other clamping 
jaw, and in a second step the thrust mechanism delivers 
pressure medium from the first cylinder into the chamber 
between the two part jaws, with the first part jaw locked with 
respect to the guide device. To open the clamping device, in 
a first step a second cylinder arranged between the two part 
jaws pulls the part jaws against each other, with the first part 
jaw locked with respect to the guide device, and then in a 
second step the thrust mechanism forces the part jaw 
coupled to it in the opening direction, forcing the other part 
jaw with it, with the first part jaw unlocked from the guide 
device. The clamping device is provided for production 
machines, in particular for injection molding machines. 

15 Claims, 3 Drawing Sheets 
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ELECTROMECHANICAL CLAMPING 
DEVICE 

The invention pertains to an electromechanical clamping 
device with hydraulic assistance for a production machine, 
in particular for an injection molding machine. 

FIELD AND BACKGROUND OF THE 
INVENTION 

In this case, the invention is based on an electromagnetic 
clamping device with hydraulic assistance. Clamping 
devices of this type are used for production machines, for 
example injection molding machines. The clamping device 
has two clamping jaws on which in each case a part mold of 
a divided mold is held. A thrust mechanism driven by an 
electric motor displaces the clamping jaws with respect to 
each other along a guide device. The first clamping jaw is 
divided into two part jaws, which can be displaced with 
respect to each other in the direction of the guide device. The 
part jaws interengage in such a way that a chamber to hold 
pressure medium is formed between them. The first part jaw 
can be displaced along the guide device. The output of the 
thrust mechanism acts on one of the part jaws. In order to 
close the clamping device, in a first step the thrust mecha- 
nism pulls one part jaw against the second part jaw, pulling 
the other part jaw with it, and in a second step the thrust 
mechanism delivers pressure medium into the chamber 
between the two part jaws, with the first part jaw locked 
against the guide device. During the closing of the clamping 
device, the thrust mechanism is loaded in tension. By 
contrast, during the opening of the clamping device, the 
thrust mechanism is loaded in compression. In this case, in 
order to pull the part molds apart, a substantially higher 
force is required than for the following action of moving 
apart the clamping jaws bearing the part molds. The thrust 
mechanism therefore has to be dimensioned in accordance 
with the high force required to pull the mold apart. 

SUMMARY OF THE. INVENTION 
The invention is based on the object of providing a 
clamping device with hydraulic assistance in which the 
thrust mechanism needs to be dimensioned only in accor- 
dance with the force required to pull the clamping jaws 
apart, without there being any overloading of the thrust 
mechanism when pulling the mold apart. 

This object is achieved by a device according to the 
invention, wherein by means of the hydraulic assistance 
during the pulling-apart procedure, the compressive force 
exerted by the electric motor on the thrust rod can be limited 
in such a way that no impermissibly high bending of the 
thrust rod takes place during the pulling-apart procedure. 

Advantageous developments of the invention are respec- 
tively the subject matter of further features set forth herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail below, with 
its further details, using exemplary embodiments illustrated 
in the drawings, in which 

FIG. 1 shows the structure of a first clamping device 
according to the invention in a simplified illustration, 

FIG. 2 shows the structure of a second clamping device 
according to the invention in a simplified illustration, and 

FIG. 3 shows the block diagram of a control system for 
the clamping devices illustrated in FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows the structure of a clamping device according 
to the invention in a simplified illustration. The clamping 
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device has a fixed clamping jaw 11 and a clamping jaw 13 
which can be displaced along a guide device 12. The guide 
device 12 is formed by two crossbeams 12a and 12b, which 
are provided with a latching division. In order to lock the 
5 displaceable clamping jaw 13 to the guide device 12, a 
latching device 15, which is illustrated only schematically 
and is controlled by a signal y^, latches into a detent in the 
crossbeam 12a. In a corresponding way, a further controlled 
latching device which, for reasons of clarity, is not illustrated 
10 in FIG. 1, latches into a detent in the crossbeam 12b. The 
clamping jaw 13 is formed from two interengaging part jaws 
16 and 17, which can be displaced with respect to each other 
in the direction of the guide device 12. The latching device 
15 is held on the part jaw 16. The part jaws 16 and 17 
15 enclose between them a chamber 20 to hold hydraulic . 
pressure medium. Between the clamping jaws 11 and 13, a 
mold 23 comprising two part molds 21 and 22 is held. The 
first part mold 21 is held on the clamping jaw 11. The other 
part mold 22 is held on the part jaw 17. An electric motor 25, 
20 which is held on the fixed clamping jaw 11, drives a thrust 
mechanism 26. The electric motor 25 is supplied, by a 
machine control system illustrated in FIG. 3, with a desired 
rotational speed value n, as input variable. The current in- 
drawn by the electric motor 25 is a measure of the force 
25 acting on the thrust rod 27. The current i Mi is supplied to the 
control device, illustrated in FIG. 3, as input signal. The 
thrust mechanism 26 translates the rotational movement of 
the electric motor 25 into a longitudinal movement of the 
thrust rod 27, which forms the output of the thrust mecha- 
30 nism 26. A coupling 28 connects the thrust rod 27 via a 
piston rod 31 to the piston 32 of a double-ended cylinder 33. 
In accordance with the publication "Grundlagen und 
Komponenten der Fluidtechnik — Der Hydraulik Trainer, 
Band V* [Principles and Components of Fluid Technology — 
35 the Hydraulic Trainer, Vol. 1] from Mannesmann Rexroth 
GmbH, RD 00290/10.91 (second edition, 1991), pp. 124 to 
125, double-ended cylinder here designates a double-acting 
cylinder with piston rods on both sides, in which the 
diameters of the two piston rods can also be of different 
40 sizes. The double-ended cylinder 33 is held on the displace- 
able part jaw 17. On the side facing away from the thrust rod 
27, the piston 32 is connected to a second piston rod 34. The 
piston rod 34 penetrates into a further chamber 35. The 
chamber 35 is connected via a first nonreturn valve 36 to the 
45 chamber 40 on the rod side of a differential cylinder 41. In 
addition, the chamber 35 is connected to a tank 43 via a 
replenishing valve 42. The differential cylinder 41 is held on 
the part jaw 16. It is connected via a piston rod 45 to the part 
jaw 17. The piston of the differential cylinder 41 is provided 
50 with the designation 46, and the chamber on the crown side . 
with the designation 47. A displacement transducer 50 
converts the output signal from a displacement sensor 51, 
which is connected to the piston 46, into an electric signal 
x £ , which is a measure of the position of the piston 46 and 
55 therefore also a measure of the distance between the part 
jaws 16 and 17. A pressure transducer 52 converts the 
pressure in the chamber 40 into an electric signal p,. corre- 
sponding to said pressure. A hydraulic control device in the 
form of a proportional valve 53 controls the flow of pressure 
60 medium from a pump 54 to the differential cylinder 41 and 
from the latter to the tank 43 as a function of an actuating 
signal y vl . A nonreturn valve 55 is arranged between the 
pump 43 and the proportional valve 41. A pressure limiting 
valve 56 limits the output pressure of the pump 54 in the 
65 usual way. Arranged between the pump 54 and the double- 
ended cylinder 33 is a hydraulic control device in the form 
of a control valve 60 with three control positions. The 
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control valve 60 controls the flow of pressure medium from 
the pump 54 to the double-ended cylinder 33 and from the 
latter to the tank 43 as a function of an actuating signal y^. 
Seals are designated 62, 63 and 64. 

In order to act uniformly with force on the part jaw 17, in 
addition to the electric motor 25, a further electric motor 25* 
is provided, which is connected via a thrust mechanism 26*, 
a thrust rod 27* and a coupling 28* to the piston rod 31* of 
a further double-ended cylinder corresponding to the 
double-ended cylinder 33. The piston rod of a further 
differential cylinder corresponding to the differential cylin- 
der 41 is designated 45*. The construction and pressure 
medium supply of the further double-ended cylinder and of 
the further differential cylinder correspond to the cylinders 
already described above. 

FIG. 3 shows the block diagram of a control system for 
the upper half of the clamping device illustrated in FIG. 1. 
The control of the components provided with an * of the 
lower half of the clamping device illustrated in FIG. 1 is 
carried out in a corresponding way. The parameters and 
desired values required for the control of the operating 
sequence of the jproduction machine are stored in a higher- 
order machine control system 70. The machine control 
system 70 supplies the electric motor 25 with the desired 
rotational speed value n,. The machine control system 70 
determines the position of the control piston of the control 
valve 60 via the actuating signal y^ and controls the latching 
device 15 via the actuating signal y^. The machine control 
system 70 supplies an electric control device 71 with a 
desired position value x^ for the position of the piston 46, a 
desired current value \ Ma for the electric motor 25, a thresh- 
old value \ Mu for changing over from position control to 
force control, an actuating signal y vl0 and a changeover 
signal y M . The desired current value \ Ma determines the 
maximum value of the force with which the electric motor 
25 forces the thrust rod 27 against the part jaw 17. As already 
described above, the control device 71 of the clamping 
device illustrated in FIG. 1 is supplied with the actual 
current value i Mi of the electric motor 25, the actual position 
value x,. of the piston 46 and the actual pressure value p f - in 
the chamber 40, as electric voltage signals. The actual 
current value \ Mi is here a measure of the force with which 
the electric motor 25 forces the push rod 27 against the part 
jaw 17. The actual position value x,- of the piston 46 is a 
measure of the distance between the part jaws 16 and 17 of 
the clamping jaw 13. The control device 71 processes these 
signals to form the actuating signal y vl , which determines 
the position of the control piston of the proportional valve 
53. A difference former 75 forms a control difference x di 
from the desired current value \ Ma and the actual current 
value i Mi of the electric motor 25. A differentiator 76 forms 
the time derivative of the actual pressure value from the 
actual pressure value p t -. In order to improve the control 
procedure, this signal is combined with the control differ- 
ence x d£ in a computing device 77 and supplied to a force 
controller 78, which forms an actuating signal y^ for a force 
control loop. A differentiator 80 forms a control difference 

from the desired position value x, and the actual position 
value x t - of the piston 46, said difference being supplied to a 
position controller 81. The position controller 81 forms an 
actuating signal y x for a distance control loop. A changeover 
device 83 with two controlled changeover switches 84, 85 
supplies the proportional valve 53 either with the actuating 
signal y x , the actuating signal y x or a constant actuating 
signal y vl0 as actuating signal y vl . A comparator 88 switches 
the changeover switch 84 into the lower position if the actual 
current value i^ of the electric motor 25 is greater than the 
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threshold value i Mu . The threshold value i Mu is chosen such 
that it lies between the largest value occurring during the 
movement of the clamping jaw 13 and the value i^. If, at 
the same time, the changeover switch 85 is in the upper 

5 position, the actuating signal supplied to the proportional 
valve 53 is equal to the actuating signal y Ki and the force 
control loop is active. If the actual current value \ Mi of the 
electric motor 25 is less than the threshold value i Mu , the 
comparator 88 switches the changeover switch 84 into the 

l0 upper position. If the changeover switch 85 is simulta- 
neously in the upper position, the actuating signal supplied 
to the proportional valve 53 is equal to the actuating signal 
y x and the distance control loop is active. If the changeover 
switch 85 is in the lower position, because of an actuating 

5 signal y u which is output by the machine control system 70 
and is supplied to a magnet 89, both the force control loop 
and the distance control group are interrupted. The actuating 
signal supplied to the proportional valve 53 is equal to the 
constant actuating signal y vl0 , which is chosen such that the 

> 0 control piston of the proportional valve 53 is in a neutral 
position, in this case in the central position. In this position, 
the chambers 40 and 47 of the differential cylinder 41 are 
connected to each other in a restricted manner, to the pump 
54 and to the tank 43. 

5 In order to close the clamping device, in a first step the 
thrust mechanism 26 pulls the part jaw 17 coupled to it 
against the fixed clamping jaw 11. In the process, the part 
jaw 17 pulls the part jaw 16 with it. Since, as the part jaws 
16 and 17 are moved, the current i Mi drawn by the electric 

o motor 25 is less than the threshold value i Mu , the actuating 
signal y^ is supplied to the proportional valve 53, and the 
distance control loop, which keeps the distance between the 
part jaws 16 and 17 constant, is active. In. this case, the 
piston 32 of the double-ended cylinder 33 rests on the 

5 right-hand stop, but can also be clamped in an intermediate 
position. Once the part jaw 17 has reached the clamping jaw 
11, the machine control system 70 locks the latching device 
15. The machine control device 70 switches the control 
piston of the control valve 60 into the position in which the 

0 right-hand chamber, provided with the designation 92, of the 
double-ended cylinder 33 is connected to the chamber 20. If, 
then, in a second step the electric motor 25 pulls the piston 
32 onward in the closing direction, pressure medium is 
displaced from the chamber 92 into the chamber 20 and the 

5 part jaw 17 is pressed against the clamping jaw 11 in the 
process. The relationships between the areas to which pres- 
sure is applied are chosen such that the force exerted on the 
piston 32 by the electric motor 25 is increased. In this step, 
the thrust rod 27 is loaded in tension. Since, when loaded in 

3 tension, the thrust rod 27 can be acted on with a greater force 
than is permissible in the case of compressive loading, 
limiting the tensile force exerted on the thrust rod 27 by the 
electric motor 25 is not required. 

The opening of the clamping device is likewise carried 

5 out in two steps. In the first step, the latching device 15 
remains locked. The control piston of the control valve 60 is 
switched into a position in which the chamber 20 is relieved 
to the tank 43. The force required to open the mold 23 is 
greater than the force which the thrust rod 27 can transmit 

) under compressive loading without bending impermissibly. 
The current i Mi drawn by the electric motor 25 rises to a 
value which is greater than the threshold value i Mu . The 
comparator 88 therefore switches the changeover switch 84 
into the lower position, in which the force control loop is 

> active. The pump 54 delivers pressure medium to the 
chamber 40 and, in this way, assists the force acting in the 
opening direction. The force controller 78 controls the 
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proportional valve 53 in such a way that the current in- 
drawn by the electric motor 25 is equal to the threshold value 
\ Ma . In addition, pressure medium which is displaced from 
the chamber 35 and supplied to the chamber 40 via the 
nonreturn valve 36 assists the action of pulling the mold 23 
open. Once the mold 23 has been pulled open, the machine 
control system 70 unlocks the latching device 15 for the 
second step of the opening procedure. The current i Mi drawn 
by the electric motor 25 when moving the clamping jaw 13 
in the opening direction is less than the threshold value i Mu . 
The comparator 88 thus switches the changeover switch 84 
into the upper position again, that is to say from force control 
to distance control. As an alternative to the distance control, 
during the second step of the opening procedure the pro- 
portional valve 53 can be supplied with the actuating signal 
y vl0 , which switches the control piston of the proportional 
valve 53 into the central position. 

FIG. 2 shows the structure of a second clamping device 
according to the invention in a schematic illustration. In 
terms of its substantial parts, this clamping device corre- 
sponds to the clamping device illustrated in FIG. 1. Identical 
components are therefore provided with the same designa- 
tions as in FIG. 1. The clamping device illustrated in FIG. 2 
likewise has a fixed clamping jaw 11 and a clamping jaw 13 
which is formed from two part jaws 16 and 17 and can be 
displaced along a guide device 12. The guide device 12 is 
constructed in the same way as in FIG. 1. A chamber 20 to 
hold hydraulic pressure medium is formed between the part 
jaws 16 and 17. Two part molds 21 and 22 of a mold 23 are 
held on the part jaws 16 and 17. A differential cylinder 95 is 
held on the part jaw 17. A piston 97 connected to a piston rod 
96 divides the differential cylinder 95 into a chamber 98 on 
the rod side and a chamber 99 on the crown side. An electric 
motor 25 is held on the fixed clamping jaw 11. A thrust 
mechanism 26 translates the rotational movement of the 
electric motor 25 into a longitudinal movement of the thrust 
rod 27, which a coupling 28 transmits to the piston rod 96 
of the differential cylinder 95. A control valve 60, whose 
position is determined by an actuating signal y^, connects 
the chamber 98 to a pump 54 in a first position and to the 
chamber 20 in a second position. In the central position of 
the control valve 60, both the chamber 98 and the chamber 
20 are shut off. Instead of the control valve 60 with three 
control positions, a 2-way control valve can be used if the 
central position of the control valve 60 is not needed. The 
chamber 99 is continuously connected to the tank 43, 
irrespective of the position of the control valve 60. As in 
FIG. 1, a differential cylinder 41 is held on the part jaw 16, 
its piston rod 45 being connected to the part jaw 17. The 
proportional valve 53 controls the flow of pressure medium 
from the pump 54 to the chambers 40 and 47 of the 
differential cylinder 41 in accordance with the actuating 
signal y vl . The components provided with an * are — as 
described in connection with FIG. 1 — provided in order to 
act uniformly with force on the part jaw 17. 

The control of the clamping device illustrated in FIG. 2 is 
carried out in the same way as the control of the clamping 
device illustrated in FIG. 1, by means of the electric control 
device 71 illustrated in FIG. 3; in conjunction with the 
higher-order machine control system 70. The control device 
71 receives from the clamping device illustrated in FIG. 2 
the actual position value x,- of the piston 46, the actual 
pressure value p rf in the chamber 40 and the actual current 
value i Mi of the electric motor 25. The clamping device 
illustrated in FIG. 2 receives from the control device 71 the 
actuating signal y vl for the proportional 53 and, from the 
machine control system 70, the actuating signal y^ for the 
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control valve 60, the actuating signal y^ for the latching 
device 15 and the desired rotational speed value n^ for the 
electric motor 25. The combining of the individual signals is 
carried out in the same way as described above in connection 
5 with the control of the clamping device illustrated in FIG. 1. 

The force acting on the thrust rod 27 can — as described 
above — be determined from the current i Mi drawn by the 
electric motor 25. However, it is also possible to register the 
force acting on the thrust rod 27 directly, using a force sensor 
10 arranged in the force flow, or to determine it via a pressure 
measurement in the chamber on the rod side of the double- 
ended cylinder 33 or in the chamber 20. 

I claim: 

1. An electromechanical clamping device with hydraulic 
15 assistance for a production machine, in particular for an 
injection molding machine, the device comprising: 

two clamping jaws (U, 13) on which in each case a part 

mold (21, 22) of a divided mold (23) is held, 
one (11) of the clamping jaws is fixed and the other (13) 
20 of the clamping jaws is arranged such that it is dis- 
place able with respect to the one clamping jaw, 
a thrust mechanism (26) driven by an electric motor (25) 
moves the displaceable clamping jaw (13) along a 
25 guide device (12), 

the displaceable clamping jaw (13) is divided into two 
part jaws (16, 17), displaceable with respect to each 
other in a direction of the guide device (12) and a 
chamber (20) to hold pressure medium is formed 
30 between the part jaws (16, 17), 

the first part jaw (16) is displaceable along the guide 
device (12) and is lockable with respect to the latter, 
one (17) of the two part jaws is provided with a first 
cylinder (33), a piston (32) of which is coupled to 
35 output (27) of the thrust mechanism (26), 

in a closing operation in order to close the clamping 
device, in a first step the thrust mechanism (26) pulls 
the part jaw (17) coupled thereto against the fixed 
clamping jaw (11), pulling the other part jaw (16) 
40 therewith, in a second step the thrust mechanism (26) 
delivers pressure medium from the first cylinder (33) 
into the chamber (20) between the two part jaws (16, 
17), with the first part jaw (16) locked with respect to 
the guide device (12), 
45 in an opening operation in order to open the clamping 
device, in a first step a second cylinder (41) arranged 
between the two part jaws (16, 17) pulls the second part 
jaw (17) against the first part jaw (16), with the first part 
jaw (16) locked with respect to the guide device (12) 
50 and the chamber (20) between the part jaws (16, 17) 
relieved of pressure; after the mold (23) has been 
opened, in a second step the thrust mechanism (26) 
forces the part jaw (17) coupled thereto in opening 
direction, forcing the first part jaw (16) therewith with 
55 the first part jaw (16) unlocked from the guide device 
(12). 

2. The clamping device as claimed in claim 1, wherein the 

part jaws (16, 17) are spaced apart from each other when the 

clamping device is closed. 
60 3. The clamping device as claimed in claim 2, wherein a 

control loop is provided which keeps distance between the 

two part jaws (16, 17) constant during the first step in the 

closing operation. 

4. The clamping device as claimed in claim 2, wherein the 
65 guide device (12) is provided with a latching division, with 

which a latching device (15) held on the first part jaw (16) 

interacts. 
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5. The clamping device as claimed in claim 2, wherein the device (53) is supplied with actuating signal (y^ from the 
second cylinder (41) is enabled to have pressure medium force controller (78) if the current (i^ drawn by the electric 
applied thereto in the first step of the opening operation such motor (25) is greater than the second threshold value (i Mt ) 9 
that distance between the two part jaws (16, 17) decreases. the second threshold value being chosen such that it 

6. The clamping device as claimed in claim 5, wherein the 5 lies between the maximum current required to move a 
thrust mechanism (26) assists the opening operation, appli- clamping jaw (13) and first-mentioned threshold value (i^). 
cation of pressure medium to the second cylinder (41) being 11. The clamping device as claimed in claim 10, further 
controlled such that force exerted on the second part jaw comprising a neutral position of the hydraulic control device 
(17) by the thrust mechanism (26) does not exceed a (53) in which chambers (40, 47) of the second cylinder (41) 
predefinable threshold value (i^). 10 are connected to each other via restrictors and to a pump (54) 

7. The clamping device as claimed in claim 6, wherein and tank (43). 

current (i^) drawn by the electric motor (25) is supplied to 12. The clamping device as claimed in claim 11, further 

a force controller (78) as the actual value of the force exerted comprising a changeover device (83) which supplies the 

on the second part jaw (17) by the thrust mechanism (26), second hydraulic control device (53) with actuating signal 

and wherein a force controller (78) is supplied with the 15 (yj from the position controller (81), the actuating signal 

predefinable threshold value (i^) as a desired value for said (y K ) from the force controller (79) or a constant actuating 

force. signal (y vl0 ) for neutral position. 

8. The clamping device as claimed in claim 7, wherein 13. The clamping device as claimed in claim 1, further 
control difference (x dt ) formed from the actual value of the comprising a machine control system (70) which controls 
current (i^) drawn by the electric motor (25) and the 20 the individual steps in working sequence of a production 
predefinable threshold value (i^) has superimposed thereon machine. 

time derivative of pressure (p^) applied to a piston (46) of the 14. The clamping device as claimed in claim 13, wherein 

second cylinder (41). parameters and desired values required for control of the 

9. The clamping device as claimed in claim 7, wherein working sequence of the production machine are stored in 
position (x^ of a piston (46) of the second cylinder (41) is 25 the machine control system (70). 

supplied to a position controller (81) as actual value of the 15. The clamping device as claimed in claim 1, wherein . 

distance between the two part jaws (16, 17), and wherein the the first cylinder is a double-ended cylinder (33), whose 

position controller (81) is supplied with a desired value (xj piston rod (34) facing away from the thrust mechanism (26) 

that determines the distance between the two part jaws (16, penetrates into a further chamber (35), wherein the further 

17). 30 chamber (35) is connected via a first nonreturn valve (36) to 

10. The clamping device as claimed in claim 9, wherein a chamber (40) of the second cylinder (41), and the further 
an actuating signal (y^ from the position controller (81) is chamber (35) of the double-ended cylinder (33) is connected 
supplied to a hydraulic control device (53) if the current (i M £ via a replenishing valve (42) to a tank (43). 

drawn by the electric motor (25) is less than a second 

threshold value (i^J, and wherein the hydraulic control ***** 



